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In the preparation of this work it has been the author's 
aim to furnish a hand book of field methods that would be of 
value to those geologists who have had little experience with 
the methods commonly used in examining a territory not 
yet drilled, a work which consumes much of the oil geologist's 
time. 

To treat in a thorough way all the various subjects that 
might be considered under the head of Field Mapping would 
require considerable space; and in this hand book only the 
more important phases of Field Mapping have been con- 
sidered. It has been the author's desire to give the reader 
a general knowledge of the more important principles and 
thus lay a general foundation upon which detailed work in 
any particular area can be carried further. 

The work of the oil geologist is constantly expanding and 
his duties are no loiter confined simply to the mapping of 
structures. He must be prepared to gather information after 
an area has begun to produce, as well as to keep in touch with 
all activities that bear upon the region in which he is work- 
ing. For a knowledge of operations in a district, other than 
those of simple Field Mapping, the reader is referred to the 
book "Oil and Gas Production," by Johnson and Huntley. 

The writer wishes to express his thanks to Professor H. 
Riea for helpful suggestions, to Professor G. D. Harris for 
the methods of meridian determination, and also to Dr. L. C. 
Snider, of the Empire Gas & Fuel Co., whose kind permission 
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has made this book possible. Acknowledgments, for the loan 
of cuts, are due to Bausch-Lomb Optical Co. ; Wm. Ainsworth 
& Sons; and Keufiel-Esser Co. 

C. A. Wahnek, 
Okmdloeb, Oela. 
Oet<Aer 9, 19g0 
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FIELD MAPPING FOR THE OIL GEOLOGIST 

CHAPTER I 

STDBY OF FIELD CONDITIONS 

Field Mapping, as the term is commonly used by oil 
geologists, may be taken to cover three distinct types of 
work, as foUows: 

I. A geologic examination of the area, including a 
consideration of all facts that bear upon the 
possibihty of oil or gas occurring therein. Such 
an examination would deal with the age of the 
beds, their origin and structural features, and 
any surface indications of either oil or gas. 
II. Mapping of the geologic structure, both of the 
formations exposed at the surface and of the 
producing sand or horizon, the latter of course 
being possible only when well records are 
available. 
III. Plotting the results and preparing the report. 
A Geologic Examination of the Area.— It is of course 
assumed that anyone intending to map possible oil- or gas- 
producing territory has, by reading at least, made himself 
familiar with the geology of these materials.^ 
1 "Oil and Gas Production," by Johnson ctad Huntley. 
" Popular Oil Geology," by Victor Zeigler. 
"Practical Oil Geolc^y," by Doreey Hager. 
'"Hie American Pebroleum Industry," by Bacon and Hamor. 
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PSeumi^Ay. OtTtcE ■ Work. — Before undertaking the 
field study of any area it is, of course, important to make a 
thorough study of any and all available maps or reports 
which deal with the territory in question. 

Field Reconnaissance. — In the field a careful study 
should be made of all features that have any bearii^ on the 
occurrence of oil or gas, such as the age, character, and 
structure of the formations. 

Age. — As explained below, there are certain rocks, such 
as the Pre-Cambrian, or even some of later age, which 
because of their nature are unfavorable for the formation, or 
^cumulation, of either oil or gas. Other formations like 
those of Tertiary, Cretaceous, and Carboniferous' age have 
been found to be not unfavorable for the accumulation of 
these materials. This is doubtless true, since in the Tertiary, 
Cretaceous, and Carboniferous there were great quantities of 
organic matter, both animal and vegetable; and the hydro- 
carbons formed from this matter have accumulated in the 
rocks of the above formations — sometimes in porous sand- , 
stones, sometimes in other rocks, such as porous limestones, 
or dolomites. While rocks of other ages, as the Red Beds of 
the Permian, contain sand suitable for the accumulation of 
oil, yet they do not in themselves contain sufficient oi^^ic 
matter to permit the production of oil or gas in commercial 
quantities. 

Kind 0/ Rocks. — Since certain rock types are more favoi^ 
able as oil and gas reservoirs than others, one of the first 
features to be considered in the area being examined is the 
kind of rocks present. 

Igneous and metamorphic rocke contain little or no oil 
or gas, and hence such areas may usually be ruled out as non- 
productive, the chief known apparent exceptions being those 
foimd in the Mexican oil fields, where petroliferous strata 
1 Thia applies only to the West and is not true in all other cases. 
I ■ .,L.oo<;k- 



FIELD RECONNAISSANCE 3 

have been domed up around volcanic plugs, thus causing the 
oil to accumulate around these cores of igneous rock. 

Sedimentary beds containing insufficient amounts of 
organic remains to yield hydrocarbons in any considerable 
quantity may generally be rejected as unfavorable territory, 
although before any such area is ruled out as being probably 
non-productive, care should be taken to see that there is no 
possibility of oil or gas having moated into these rocks from 
other sources. The geologist can sometimes determine the 
probability of such migration by a detailed study of the area 
in question and thus determine whether or not faidts or 
unconformities are present which would bring a productive 
horizon in close contact with a non-productive one, and thus 
by migration of the oil or gas render the latter productive. 
This cannot always be done, however, as in some cases 
deposits of oil or gas are associated with faults and covered 
unconformably by non-petroliferous beds which obscure all 
evidence of such accumulations. Where faults appear at the 
surface, or where unconformities are found to exist, care 
should be taken to determine the magnitude of the former 
and also to know the a^ of rocks existing below those appefir- 
ii^ at the surface, which might thus be brought in contact 
with the more recent formations. Thus, if it is found that 
the Pennsylvanian is overlain imconformably by younger 
formations suitable for the accumulation of oil or gas, and 
the Pennsylvanian has previously been shown to contain 
hydrocarbons in commercial quantities in that general region, 
then when a suitable surface structure is found above such 
unconfomiity it will generally prove productive when tested 
by the drill.^ The same method of study may be used when 
faults are present. 

' This appears to be the condition exiating in certain ot the fields of 
southern Oklahoma, especially those at Lawton, Loca, and to a leaser 
extent at Healdton. 
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Origin of the Sediments. — Sedimentary rocks may be de- 
posited by wind or water. 

Since but a small amount of organic matter could have 
accumulated in wind-formed beds, such formations will be 
productive of oil or gaS only when these have migrated into 
them from other sources, and hence unless there is good 
evidence to this effect, aeolian rocks are not to be classed as 
favorable. 

In water-laid deposits, especially those accumulated in 
shallow, quiet water, there is a much better chance for organic 
material to collect and for the consequent formation of hydro- 
carbons of commercial importance. 

Proportion of Different Kinds of Sediments. — -The relative 
abundance of sandstones, shales, and limestones and their 
relations to each other should alao be considered. 

The results of past experience in proven territory, especially 
in Oklahoma, Kansas, and Texas, indicate that in any con- 
siderable section of marine sediments, the prospects for oil 
and gas are better when there is a greater amount of shale in 
proportion to sandstone or limestone. 

Thus assuming that the hydrocarbons originated in the 
shale, if there is a considerable thickness of sandstone, as 
compared to the f ormer.the oil derived from the clay rock may 
be distributed through such a large mass of sand rock as to 
be of low concentration, unless gathered in a small area by the 
action of water; and even then the deposit would be small. 
On the other hand if the proportion of sandstone to shale is 
small, the hydrocarbons are concentrated in a much smaller 
volume of rock, other things being equal; and in addition 
the greater amount of shale present permits the formation of 
more oil and gas than would be possible were the shale per- 
centage small. 

The same condition also appears to hold true in the case of 
porous limestones associated with shale bodies. 

I ■ .,L.oo<;k- 



STRUCTURES AKD STRUCTURAL CONDITIONS 5 

Types of Structure Considered most Favorable. — Although 
oil and gas are associated with many different types of 
structure, those considered most favorable are anticlinal 
folds (usually associated with synclinal folds) and domes. 
Such types are found in the majority of the o3 and gas fields 
of the United States, and may be classed as follows; 

I. Anticlinal folds. 

a. Flat-topped, often canoe-shaped, and the closed 
folds being of more relative value than the open 

h. Plunging anticlines, 
c. Terraces. 
II. Domes or quaquaversal structures. 
a. Saline dome type. 
h. Volcanic necks. 

While many other types of structure contain oil and gas in 
paying quantities they may in general be classed as variations 
of the above mentioned ones, with the possible exceptions of 
such occurrences aa are found along sealed faults, in joint 
cracks, and at the contact of sedimentary and crystalline 
rocks. The latter types of occurrence are rare and are found 
chiefly in California and Canada. 

Structural Conditions Affeding Accumult^on of Oil or 
Gas. — Although the greater part of the oil produced in the 
United States is from some type of anticlinal structure, still 
not all such folds are productive of oil or gas, and it is there- 
fore necessary that the geologist detemune, so far as possible, 
the probability of production from a given structure. In 
doing this it is necessary to know, in advance of development, 
whether there are faults that have allowed the oil or gas to 
escape. If faults are found, the next step is to see if the oil 
has moated to the surface along the fault-plane, and where 
such movement has taken place, to ascertain if a considerable 
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amoimt appears to have escaped, or if the fault has been 
sealed up by early evaporation of the more volatile con- 
stituents. This can usually be done by a close study of the 
hydrocarbon deposits at or near the fault. Where a con- 
siderable amount of such deposit is present, as asphalt, gil- 
sonite, or grahamite, it may be taken to indicate that the 
area is doubtless unfavorable for the production of oil or gas.' 

When it has been determined that the fault, if any be 
present, is not of sufficient magnitude to have allowed any 
great quantities of oil or gas to escape, and that the structure 
warrants the expense of drilling a test welt, care should then 
be pajd to the log of the well and a close study made of the 
cuttings of the bit. 

Where sands are found that appear favorable for the 
accumulation of oil or gas, in horizons which are known to be 
productive in adjacent locaUties, the presence or absence of 
water in that sand has a very important bearing upon future 
drilling. Since, theoretically, the oil, gas and water tend to 
arrange themselves with respect to their several gravities, it 
naturally follows that if water be foimd in the sand any 
probable production will be found up the dip — ^were the well 
drilled on the flank of the structure; while if no water is found 
the probable production will be found further down the dip. 
This rule is a general one and not true in every instance 

Surface Indications. — While studying the structural con- 
ditions in the field, the presence of any oil seeps, aspbaltic 
sands, or natural gas exhalations should be looked for. 

CHI-Seeps. — Seepages of oil are sometimes found at the sur- 
face and often form a sort of scum on the surface of springs or 
pools of water, and at other times discolor the roeks. Not 

'The grahamite deposit at Ritchie Co., West Va., however, is at 
right anglee to the direction of an anticlinal fold wliicb Is productive of 
oil, showing that in some cases not all the oil has heen ondiied to gra- 
hamite. 
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OIL SEEPS 7 

all iridescent scum on water, or discoloration of the rock, is 
due to oil, however; and it is frequently found desirable to 
test such so-called "shows" of oil. These seepages will often 
give a clue to a productive horizon which, though not pro- 
ductive at that particular area, may prove productive some 
distance away. 

When in doubt as to the origin of a scum over the water 
the simplest test is to break up the accumulation into small 
parts. If the scum is of an oily nature the edges of the smaller 
parts will tend to come together again in small masses with 
all edges rounded, while other accumulations do not possess 
this property, but rather remain in small angular particles. 

To determine whether the discoloration of rocks is due to 
oil, or to stains of iron, the following test may be used: Pul- 
verize some of the rock and dissolve — if possible — in a dilute 
hydrochloric acid solution and then add a drop of potassium 
sulphocyanate. If iron be present the solution will assume a 
deep-red color. Some of the solution shaken in a bottle con- 
taining carbon disulphide will show whether oil be present, 
for any that may be present will collect in the carbon disul- 
phide and settle to the bottom of the contwner. 

Many gas-seeps are caused by carbon dioxide and may be 
readily distinguished from natural gas in that they will not 
ignite when a Ughted match is thrust into the escaping 
gas. 

Summary op GBOLoarc Reconnaissance Methods. — In 
general then, when examining an area for oil or gas resources, 
study and consider the following points with regard to the 
possibility of either of the above being present, 

A . All available maps or reports which deal with the area. 

B. The age of the beds, and conditions of life during that 

stage. 
1. Are the beds of such an age as to be of no value 
as reservoirs for oil and gas? 
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2. Was there Bufficient organic life during that sti^^ 
to permit the formation of petrohferous de- 
posits? 

C. Kind of rocks, whether igneous or sedimentary, and the 

possibility of oil having accumulated in those beds 
by migration from other horizons. 

D. Or^n of the sediments. 

1. Wind-blown deposits may be considered un- 

favorable. 

2. If water-laid, were they deep or shaJlow water 

deposits? Were they affected by the action of 
currents? Was it possible for organic material 
to be Iwd down in those beds? 

E. Proportion of different types of sediments, especially 

with regard to the ratio of shale to other rocks. 

F. Structural conditions in the area, chiefly folds and 

faults. 
<?. Surface indications of either oil or gas and determinsi- 
tion of their real nature. 
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CHAPTER II 
MAPS, THEIR VALUE AND INTERPRETATION 

Since maps are so essential in the prospecting and devel- 
opment of oil and gas territory, the oil geologist should en- 
deavor to obtain copies that are as accurate and detailed as 
possible. It may be well, therefore, to point out the kinds 
of mapa that are available, and the sources from which these 
may be obtained. 

Topographic Maps. — These usually show both the topog- 
raphy and cultural features. Such maps are prepared by 
the United States Geological Survey and are issued in sheets 
of convenient size, each representing a rectangular area called 
a quadrangle. The quadrangles mapped cover 1° of latitude 
by 1° of longitude, 30' of latitude by 30' of longitude, 15' of 
latitude by 15' of longitude, or smaller areas, the size of the 
map depending on the scale used. Topographic maps may 
be purchased from the Director of the United States Geologi- 
cal Survey at Washington, D. C, at 10 cents per copy.in lots 
of less than 50 copies, or at 6 cents each in lota of 50 or more 
copies, whether of the same or different sheets ; but since not 
all the areas have been mapped by the United States Geo- 
logical Survey key sheets of the separate States have been 
prepared which show the areas mapped. These key sheets 
may be obtained free on application. 

Each quadrangle has some distinctive name, such as that 
of the principal city, town, or some special feature shown on 
the sheet. 

Since it is not possible to construct these maps on a scale 
9 , . ,,L.oo;^k- 



10 MAPS, THEIR VALUE AND INTERPRETATION 

that will even approach the size of the objects and features 
as they exist in the field, the Survey has selected several 
scales which are used for the diiferent maps. These scales 
are represented on the separate sheets in the form of a frac- 

"°° '"' 250;000' 125;000' 62^00' SlSo' "^ ™'''^°' '^"^ 
that used for quadrangles covering 1°, is ' ^cnnnn **■" viy 
nearly 4 miles to the inch — that is, 4 linear miles on the 
ground is represented by 1 linear inch on the map. This 
scale is used for maps of the desert regions and some other 
parte of the far West. For the greater part of the country, 
which is mapped by quadrangles covering 30', a larger scale, 

"jTT-TT-, or approximately 2 miles to the inch, is used. For 
mapping thickly settled or industrially important areas a 
still larger scale, „„ gnn ' "^ approximately 1 mile to the inch, 

is used for quadrangles of 15' each. A fourth scale, „ ^^ , or 

exactly one-half mile to the inch, is employed for mapsthat 
are used in connection with irrigation or drainage, and a 
few maps of mining districts are prepared on still larger 
scales. 

In addition to the symbol showing the scale of the map, 
topographic maps also show the year the map was made, the 
approximate mean declination for the year the field work was 
done, and the names of the men who did the work. 

The features shown on these maps are classed in three 
groups: 

(1) Water, including seas, lakes, rivers, canals, swamps, 
etc. 

(2) Relief, mcluding mountains, hills, valleys, and other 
elevations or depressions. 
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TOPOGRAPHIC MAPS 1. 

(3) Culture, including towns, cities, roads, railroads, o 
any other works of man. 

The conventional signs used for these features are shown ii 
Fig. 1. 




Fig. 2. — Ideal view and eorresponding contour map. (U. 8. G. 8.) 



All water features are printed in blu^, and range from lines 
of dots and dashes for intermittent streams — those whose 
beds are dry at least three months in the year — to blue 
water-lining for large streams, lakes, and the seas. 
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Reiief is represented by contour lines in broum, and a con- 
tour line on the ground passes through points that have the 
same altitude. The contour lines on the map show the shapes 
of the hills, mountains, and valleys, and their elevations. 
Thus a 20-foot contour represents what would be the shore 
line were the sea to rise, or the land to sink 20 feet, when sea 
level is used as datum, or zero of elevation. If the successive 
contour lines are far apart they represent a gentle slope; 
if they are close together they represent a steep slope; and 
when they run together they indicate a cliff. 

The manner in which contour lines express altitude, form, 
and grade is shown in Fig. 2. 

The Contouh Interval. — The vertical distance in feet 
between one contour and the next is stated at the bottom of 
each map, together with the datiun used. This interval 
differs accordii^ to the area mapped ; in a flat country it may 
be as small as 1 foot, and in a mountainous region it may be 
250 feet. Certain of the contour lines, usually every fourth 
or fifth one, are made heavier than the others and are accom- 
panied by figures stating the elevation above the datum 
used — usually sea level. In addition to the contour elevations 
the heights of many points, such as road corners, summits of 
hills or mountains, surfaces of lakes, and bench marks, are 
given on the map in figures, which express the elevation to 
the nearest foot only. If more exact elevations are desired 
they may be secured from bulletins for the several States 
issued by the United States Geological Survey and the bul- 
letin for any State may be had on application to the Director 
of the Survey at Washington, D. C. 

The works of man are printed in black, the color also used 
for lettering, and include such features as houses, roads, rail- 
roads, and all other features that are work of man rather 
than of nature. State, county, city, land grant, township, or 
reservation boundariea are shown by continuous or broken 
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lines of different kinds and we^ts. Public and through 
roads are represented by fine double hnes; private and poor 
roads by dashed double lines, and trails by dashed single lines. 

In addition to the topographic maps prepared by the 
United States Geological Survey, some State surveys have 
issued topographic maps of special areas, the names of which 
can be obt^ed from the State Geologist. 

Topographic maps, together with the geologic maps de- 
scribed later, form the best, and tor many regions the only 
basis for careful geographic and geologic study. 

From a proper study of such maps the geologist is enabled 
to draw^valuable inferences concerning the nature of the rock 
and the accessibility of the area, 

Intbrpbetation op a Topographic Map. — A very rough 
and rugged topography generally indicates the presence of 
granite or other igneous rocks.^ If the topography appears 
rounded rather than abrupt it may usually be taken to indi- 
cate the presence of soft sandstones and shales. Where 
escarpments or bluffs appear, combined with an o,therwise 
uniformly developed topography, the general conclusion is 
that hard sandstones, or limestones, are interbedded with, or 
resting upon such more easily eroded formations as shales or 
soft sandstones. In some cases, however, as in regions of 
volcanic activity, these escarpments may be the result of a 
lava flow, which has formed a resistant capping for the 
softer formations beneath. 

In addition to securing a general idea as to the nature of 
the rocks in a topographic quadrai^le from the topographic 
map, the geologist can use the map to make a very close 

' This Htatement ia a general one, aa are the ones that follow, and wiU 
not hold true in every instance. There are no nilea for the interpreta- 
tioQ of rock formations from a topographic map which will hold true in 
every case, and those given here are therefore only those which will 
bold true in the majority of cases. 

I ■ .,L.1H"I''IC 
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approxiination relative to such costs of developing an area 
as are contingent upon railroads, villages, streams, and the 
accessibility of the site chosen for a test. Thus it ia possible 
to determine the distance from the location of the test to 



Fig. 3.— Geologic map of Texas. {U. S. G. S.) 

the nearest water supply, and a route for the road over which 
the materials and supplies must be hauled to the location. 

Geologic Miy>s. — These are a representation of outcrops of 

formations, and show the location and relation to each other 

of the different geologic formations in an area. Like the 

topographic maps, they are made by the United States Geo- 

I ■ .,L.oo<;k- 



GEOLOGIC MAPS 13 

lo^c Survey and may be purchased from the Director. In 
some few cases geologic maps are prepared by the Geological 
Survey of the various States, as New York, Oklahoma, 
Texas, Kansas, etc., and may then be purchased from the 
Director of tiie State survey. 

Geologic maps are generally prepared by using the topo- 
graphic map as a base on which to represent the geology and 
geological conditions of the quadrangle. Starting with the 
topographic, or other base map used if the former is not avail- 
able, the area covered by rocks of a certain age, or formation, 
is drawn to scale on the map either in the field or from notes 
taken in the field. When one formation has thus been repre- 
sented on the map the other formations or ages of rocks are 
drawn to scale on the map in a similar manner, giving, when 
the map is completed, a representation to scale of the ^'ea 
covered by the various formations in the field. The relative 
ages of the rocks are indicated in the legend at the side, or 
base, of the map by means of letters, color patterns, or sym- 
bols, or a combination of these means, the symbols used cor- 
responding to the different formations and being arranged in 
chronological order, the oldest at the bottom and the young- 
est at the top. By use of this legend it is a very simple matter 
to determine the &gp of the rocks which outcrop in any part 
of the area shown on the map. Thus in Fig. 3 the surface 
rocks at Houston are of Quaternary age.^ 

Interpretation op Geologic Maps. — In the interpreta- 
tion of a geologic map it is very essential to read correctly 
where one formation stops and another begins. Ttus change 
is represented by a line separating the two symbols. Thus 
if on one side of a line is the symbol for Permian formations 
and on the other side is the symbol for Pennsylvanian rocks, 
then that Une is the contact, at the surface, of the Penniaii 
and Pennsylvanian formations. 

' See Geologic Chronology CSiart, page 116. 
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When an area of older rocks is found surrounded by 
youi^r formations, as is the case northwest of Austin (F^. 
3), it may mean either that an uplift has taken place at that 
point, or else that the older rocks were eroded down around 
this particular area now remaining, and the more recent 
formations were deposited up against the flanks of the older 
ones. If an uphft has taken place the presence of the older 
rocks within the younger ones may be accounted for in that 






Fio. 4. — Showing maimer in which an anticline may be represented on 
a geologic map; Lander, Wyoming, Od Field. 

the younger rocks, over the surface of the uplift, have eroded 
faster than on the flanks or beyond the edges of this uplift, 
and by this erosion have been worn down so as to expose the 
older formations along the axis of the uplift, while away 
from the axis the more recent rocks still conceal the earlier 
ones. A very good example of the representation of such a 
domed up structure (an anticline) which is also productive of 
oil is shown in the Lander, Wyoming, anticline {Fig. 4). 
If, however, the younger formations are found surrounded 
I ■ .,L.oo<;k- 
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by older rocks it either means the presence of a syncline, or as 
in semi-arid regions, that they are capping buttes or meeas. 
When they represent a resistant capping for outliers they will 
show up as isolated knobs on the topographic sheet, and the 
same formations (the younger ones) will show up again some 
httle distance away. 

The occurrence of faults, either major (where one formation 
is faulted up against one of different geologic age, or minor — 
where there is only a small displacement of the beds in one 
formation) is represented on geologic maps by some symbol 
given in the legend, usually a very heavy line, either dashed 
or full. If the line is broken it means that the fault cannot 
be traced exactly over that particular area, while a solid line 
indicates that it shows up distinctly at the surface. The 
symbols for faults can be readily distingui^ed from boundary 
lines in that the tatter are not quite such heavy lines as those 
representii^ faults. 

Geologic maps are therefore used to determine the location 
of rocks of a particular age in an area, and to show the evi- 
dences of such major structural movements as great uplifts, 
depressions, or faults. On some of the maps the mineral 
resources of an area are also indicated. 

Structure Maps. — This term is commonly employed in oil 
and gas geology to represent the structure of any particular 
bed or rock formation. By the use of contours — full when 
they are accurately mapped, and dashed when they are pro- 
jected over an unmapped area or where no data are avail- 
able — irregularities on the surface of the bed or formation 
are shown in the same way that hills, valleys, and other 
natural features are shown on topographic maps. In other 
words, a structure map is a topographic map of the surface 
of any bed, either at or beneath the surface of the earth. 
Maps of this kind covering different areas have been prepared 
by the United States Geological Survey, the several State 
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Surveys, and by private parties. These maps, however, 
represent only the structure of the bed and do not show the 
topography of the ground over that area. When it is desired 
to show both the surface and subsurface structure on the 
same map it is done by using different colors for the two sets 
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FiQ. 5. — Dip Btrike symbol map with interpretation. 

of contours, but this is so seldom used that it will not be taken 
up and described. 

In some cases preliminary reconnaissance maps of the 
structure are prepared, on which changes in the dip of the 
strata are represented by dip and strike symbols as described 
under Reconnaissance Mapping (page 38) . Such a map with 
its interpretation is shown in Fig. 5. 
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For the most part, however, structure maps are detail maps 
on which contours are used showing the shape and extent of 
the structiue, either at or beneath the surface of the earth. 
Such structure maps showing the areas considered most 
favorable for the accumulation of oil and gas are shown in 
Figs. 6 to 9. 

In the interpretation of a detailed structure map the 
arrangement of the contour lines is used to determine the 




Fia. 6. — Structure contour map of a, dome. 



structural conditions present, i.e., whether or not an anti- 
cline, syncline, terrace, nose, or any type of structure be pres- 
ent, either favorable or unfavorable for the accumulation of oil 
or gas. Thus in F^. 6 the increasing numerical value of the 
contour lines toward point A denotes the presence of a dome 
at that point, while the diminishing value of the contours 
toward point B shows a synclinal basin to be present at that 
point. In the case of a dome the contours are more nearly 
circular than in an anticline (Fig. 7) where they dip away 
from the high point at A, but they start closer to the center 
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toward the sides than at the ends, giving the structure a more 
elliptical shape. Fig. 8 represents a nose, or an elongation of 



Fra. 7. — Structure contour map of an anticline. 




Fm. 8. — Structure contour map of a 



one side of an anticline, usually the result of a tendency to 
the formation of one structure at right angles to anoth^. 
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The high part of structure, in this case {Fig. 8), is a dome in 
the northeast comer of the map and a small nose extending 
out from this donfie to the southwest, gradually merging into 
a uniform slope until it disappears at the 930-foot coDtour. 
In Fig. 9 is shown a contour map of a terrace which is a 
flattening out of a uniform dip. The formations are dipping 
to the south, but the uniformity oi this dip is broken between 
the 770- and 760-focit contoiu^, thus causing the develop- 
ment of a terrace before again dipping to the south. 




Fia. 9. — Structure coatour map oi a terrace. 



There are various other types of structure which are modi- 
fications, or combinations, of the above types, and may be 
best studied in the field, as they vary so in detail as to make 
it almost impossible to attempt to illustrate and describe 
them. 

Maps representing structural conditions are of the greatest 
value to the oil geologist. By their use the geologist in the 
field represents the existing conditions. Other geologists are 
then able to take these maps and determine the size, shape, 
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and trend of the folds, as well as the most favorable location 
for a test well if the region has not already been proved. 
When the area has already proved productive the use of a 
structure map, together with a convergence sheet, described 
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on p^es 52 to 54, will give a very correct idea of the exact 
shape and location of the producing sand. 

Ownership Maps. — Besides the use of topograpliic, geologic, 
and structure maps, a considerable use is made of ownership 
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maps in any prospective or producing area. These maps 
show the name of the owner of the land, the companies, or 
individuals, that have leased the oil, gas, or mineral rights 
from the owners, and generally show the locations of roads, 
railroads, pipelines, and wells already drilled within the 
area (Fig. 10). The various features shown on the ownership 
maps are represented by symbols. Thus in Fig. 10, in the 
northwest J of the section, T, Smith is the owner of the 
east half of the \ section, and F. Smith is the owner of the 
west half; Hi Grade Oil Co, has leased land from both 
owners as shown by their name being printed across the top 
of the entire i and the small |/| which joins the two leases; 
the Hi Grade Oil Co. are drilling their first well on the T. 
Smith lease in the southeast comer of his farm, and their 
first well on the F. Smith farm is being drilled on the north 
side of the 0. P. pipe hue. The number of each well is shown 
by the small figure above the symbol for the well, as on the 
J. Jones farm in the southwest i of the section, where the 
Can't Fail Oil Co. drilled and abandoned their first well in 
the very southwest comer, and are now drilling their second 
well in the northeast corner of the farm. 

Ownership maps may be either of a small territory or, as is 
more common, cover a township, and in some cases extend 
over an entire producing district or county. They may 
usually be purchased from abstractors or real estate firms, 
and in some instances from the county en^eer, or surveyor. 

Since the use and making of ownership maps comes imder 
the work of the Land and Lease, or Scouting, rather than 
that of the Geological department, they will therefore not be 
taken up or described further. 

County Maps.^These are maps showing the streams, 
roads, railroads, townships, and villages, together with the 
location of producii^ oil or gas districts. Such maps are 
more detailed and of larger scale than State maps, and are 
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also usually more up to date than the Government maps in 
regard to the location of roads and other cultural features; 
but they do not show the relief of a region. County maps 
are made by the county surveyor, or engineer, and may be 
obtained from him. They are of especial value to the geol- 
ogist in the field, since they give the location of schoolhouses, 
churches, roads, and railroads very accurately. A person in 
the field is thus enabled to locate himself very closely, as well 
as to determine in advance what roads will be open for 
travel. 

Township Maps. — This type of map is most commonly 
used by oil companies as a base map for field mapping, 
especially in those regions where the land has been divided 
up into sections by the government. 

In the surveying and opening up of new lands hy the 
United States Government the areas have been divided up 
into geographical townships of 36 square miles each. These 
townships are bounded on the north and south by township 
lines laid off parallel to some line of latitude, and on the east 
and west by range lines along meridians to the east and west 
of some principal meridian. When the area has thus been 
divided up into rectangles of 36 square miles each they are 
then numbered east and west from the principal meridian 
used and north and south from the line of latitude used 
(Fig. 11). Once the area is divided into townships it is 
further subdivided into sections of 640 acres each. These 
sections are each approximately a mile square and are num- 
bered consecutively from 1 in the northeast comer to 36 in 
the southeast comer (Fig. 11). 

For the purpose of this surveying and division of the area 
into townsliips and sections the surveys are all made from 
the south to the north and from the east to the west. By 
this method any correction due to the convergence of the 
meridians is always thrown along the west side and chiefly 
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in the northwest comer section (6) of the township. It is 
necessary to make this correction in order that the townships 
be of as uniform a size as possible and yet have the north- 
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south lines running true north-south. This correction is 
usually made every 24 miles, or as in some States every 30 
miles, to the north and south of the principal lines of latitude 
used. 
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When the township has been laid out and divided up into 
sections and correction made for the meridian convergence, 
the sections are then divided into quarters of 160 acres each, 
and each quarter subdivided into quarters of 40 acres each. 
Thus by the township maps it is very easy to designate a 
particular tract of land, as the farm of John Jones in the 
southeast J of the northeast J of section 21, township 2 
south, range 4 west, Indian Meridian, Stephens County, 
Oklahoma. When a tract of land is thus described it can be 
located with great accuracy on any map of the State of 
Oklahoma which shows the sections, whereas it would be 
foohsh to attempt to locate any particular tract on the map of 
any State which has not been divided up into sections, town- 
ships, and ranges. 

This method of describing locations of land ia the one used 
by all companies to describe the location of their leases, and 
by a further subdivision of the quarters to describe the loca- 
tion of wells. It is therefore essential that the geologist 
have a clear conception of the method of land surv^ and 
division as adopted by the United States Government, and 
if it is desired to go further into detail in the subject the 
following book is recommended: 

"The Principles and Practices of Surveying," by Charles 
B. Breed and Geoi^e L. Hosmer, John Wiley & Sons, Inc., 
of New York. 

The following books are also recommended as being 
adapted for a study of held mapping, sketching, and map 
interpretation: 

1. "Topographic Instructions of the United States Geol(^c 

Survey," May be purchased from the Superintend^it 
of Documents, Govenmient Printing Office, Washing- 
ton, D. C. 

2. "Topographic Maps and Sketch Mapping," by J. K. 

Finch. Wiley & Sons, New York. 
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3. "Map Readily and Topc^raphic Sketching," by E. R. 

Stuart. McGraw-Hill Book Co., New York. 

4. "Map Reading for Aviators," by C. B. Benson. Cornell 

Co-operative Society, Ithaca, N. Y. 

5. "Military Sketching and Map Reading," by Capt. J. B, 

Barnes, U. S. A. D. Van Nostrand Co., New York. 

6. "Topographic Drawii^ and Sketching," by Lieut. Heniy 

A. Reed, U. S. A. Wiley & Sons, New York. 
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CHAPTER III 
FIELD MAPPING AND METHODS 

In the course of geological field work the geologist is called 
upon to make various mape, the most common of which are 
Burface-structure maps, both detail and reconnaissance, and 
subsurface maps — Btructure maps of some bed or f onnation 
beneath the surface, such as a producing oil sand. Geologic, 
topographic, and farm maps are also sometimes made by the 
geolc^t, but 90 seldom that they will not be taken up. 

Surface Detail Maps. — In the preparation of surface-struc- 
ture map3 in detail, the surface of some persistent bed in the 
field is chosen as the key horizon, its elevation detfirmiued at 
a number of points, which are then located to scale on the 
map, and lines then drawn through points of equal elevation 
on that surface, as platted on the map of the area. Thus 
when the map is completed there is a graphic representation 
of the surface chosen, showing the form of the folds, their 
steepness of slope, and the altitude of many points on the 
bed. These features are shown in varying detful, according 
to the contour interval chosen, the number of elevations 
taken, and the accuracy with which such elevations are 
determined, together with the correctness of the location of 
the outcrop. 

Mbthoo of Map Making. — The general method in use 
for the making of structure maps of siuface formations in 
detail consists in first determining which one of the out- 
cropping beds in the area can be most readily followed, and 
at the same time is extensive enough to serve as a It^ 
horizon. This k^ horizon is commonly called the ''Datum." 
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When the bed has been selected the geolt^ist determines the 
course of the outcrop and elevations along it by means of the 
plane table outfit (Fig. 12). The use of auch an outfit re- 
quires the assistance of a second man, the instrument man. 
The geolo^t traces the course of the outcrop and at frequent 
intervals, usually every 300 to 500 feet, raises the rod for 
the instrument man to take an observation, thus determiniiig 
the location and elevation of 
the outcrop at that point. This 
location is then plotted on the 
map, to scale, and the elevation 
recorded either on the map or 
in the notes. The method of 
taking observations on the rod, 
and the computii^ of distances 
and elevations is described on 
pages 58 to 63. Thus the 
geoli^ist traces the line of the 
outcrop throughout the area, 
aud while doing this should be 
also studying the field condi- 
tions as described in Chapter I. 
The instrument man takes ob- 
servations, or readings, on the 

rod, computes distances and f,o, 12.— Plane table outfit. 
elevations and plots the results 
on the map. 

While this method of work requires the employment of 
two men, and is often slower, yet it is the most accurate 
method used, and the maps thus secured will be found to be 
of greater value than any other type, especially in "wildcat"' 
areas. 

' A t«nn commoDly used to designate an area which haa not been 
proven either productive or unproductive. 
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When it is desired to map the Eirea in shorter time and with 
leas detail, the course of the outcrop may be determined by 
the use of a " Bnmton Patent Pocket Transit," and elevations 
secured with an aneroid barometer or stadia handlevel. 
This method of rapid mapping is taken up and described 
under Reconnaissance Mapping (pages 38 to 41). 

In either case the elevations should be taken alonx the out- 
crop at intervals of from 300 to 1000 feet, depending upon 
tiie scale of the map, the accuracy desired, the steepness of 
the slope, and the regularity of the formation. 

If it is desired to keep a check on the results it may 
easily be done by "taking shots"' at occasional intervals 
on some upper or lower bed, all strata being considered 
more or less parallel in the absence of faults or uncon- 
formities. 

It will often be found that it is better to drop, for the time 
being, the outcrop that is being carried, and use some other 
stratum. Such a case might occur where another bed has a 
more marked outcrop, or a surface which is more readily 
accessible, or where the bed being followed pinches out or 
dips beneath other formations. In any event, when dropping 
one bed and "picldi^ up"^ another, or when taking check 
observation on some paraUel horizon, or bed, the correct 
interval between the two must be determined, and either 
added to or subtracted from the elevation secured, according 
to whether the new bed is below or above the key horizon. 
This interval between the beds must be measured normal to 
them. If the interval cannot be secured between the out- 
crops on the surface, it may be readily calculated by de- 
termining the surface distance between the outcrops, the 

> The term used to refer to the taking an observation on the stodk 
rod, and the determination of distance and elevation. 

' The tracing the course of an outcrop otiiet than the one previously 
followed. 
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ai^le of dip, and then computing, using the formula x=d 
sine (X. In this equation, x is the interval desired, d the dis- 
tance between the outcrops, and « the angle of dip. Thus if 
two beds are dippang beneath the surface at an angle of 3° 
and their outcrops at the surface are 700 feet apart, then the 
interval between the beds is 36.6 feet. 

a=S° 8ine3° = .0623 

d= 700 feet 

x=700 (.0523) = 36.6 feet, 

the correct interval between the beds. 

Tracing the Outckop. — When followii^ the course of the 
outcrop valuable inferences concerning the structure may be 
often drawn from conditions existing at the surface. For 
example, if a hard resistant stratum is covered by a thin 
veneer of surface soil, the slope of the surface will represent 
quite accurately the amount of dip and its general direction. 

In addition to observing the surface conditions the geoU 
c^st has to be very careful to secure his elevations on one 
formation, or on formations from which he can compute the 
elevation of the key horizon for that point. In this tracing of 
one or more beds it not infrequently happens that the rock 
will be obscured for some distance by surface soil. When 
this occurs it is necessary either to correlate across the area 
where no outcrops appear or to trace the bed from surface 
evidence, and for the latter the followii^ hints may prove 
useful, having been found very satisfactory in many regions: 

Methods of Tbacino Covered Beds. — Formations 
which are obscured may sometimes be traced by following 
the highest occurrence of float fragments from those beds as 
they appear in the soil, for it is evident that pieces of rock 
from any bed cannot work up a slope to any degree by natural 
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means,^ and hence when such rock float is found along a slope 
it is very good evidence that the bed being followed is under- 
neath the soil at the place where the float occurs. 

The appearance of numerous springs along a slope will 
often serve as a key to the location of a particular sand hori- 
zon which is known to be a source of water in that vicinity. 
A more resistant stratum wiU often form benches along the 
hillsides, thus permitting the ledge to be followed even 
thoi^h the rock itself does not outcrop. 

Accurate observation of the flora present along a horizon 
may sometimes serve as a key when the strata themselves 
are not exposed. Thus if it has been noted that a particular 
kind of plant grows more rankly and to greater heights along 
a particular formation, the bed may be traced for some dis- 
tance by following the line of most luxiuiant growth of that 
plant. 

Slumping and Ceobs-bedding. — When following any for- 
mation the geologist must be very careful to determine 
whether the beds are in place, as a slumping of the rocks may 
often be taken for a reversal of dip and a non-existing struc- 
ture be mapped as a result of too hurried observations. This 
is especially true in case the stratum being followed is gyp- 
sum, and to a lesser extent when the formation is limestone. 

Further care is necessary to observe if the dips recorded are 
a result of folding, or caused by cross-bedding. This can 
usually be determined by taking as many dip readings as 
possible. If they vary considerably over a small area it is 
safe to say that they are a result of cross-bedding or a very 
close folding of the sediments rather than a result of move- 

' In glaciated areas Buch fragments aiay sometimes be found above 
the bed, having beea carried there from some distance by the ice aa it 
moved over the re^on, but this can be determined by the fact that euch 
pieces of roclc are generally scattered for considerable dktances above 
the formation itself. 
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ments of sufficient eittent to develop structures favorable for 
the accumulation of oil or gas. 

Correlation of the Beds. — When in determining the 
course of the outcrops and securing elevations on those beds 
it becomes necessary to cross an area where no outcrops 
appear and surface evidence of the bed is lackii^, a very- 
close observation and correct correlation is required on the 
part of the geologist in order to secure a correct map, as a 
mistake in correlation will nearly always give misleading 
results from those existing in the field. 

In areas where fossils are present and where the beds have 
distinguishing characteristics, such correlation is easily and 
readily done. If the bed being followed contains a dis- 
tinctive fossil, not found in the formations above and below, 
it is only necessary te find the stratum canyii^ that fossil 
to correlate across the area having no outcrop. Where the 
fossils have a wide range over several formations, however, 
they cannot be used alone as a method of correlation, and it 
is then necessary to make a careful study of the beds above 
and below the one being followed. For example, if a lime- 
stene is immediately above a red and brown shale, and that 
shale occurs in connection with no other bed than the lime- 
stone beii^ followed, the correlation can be accomplished by 
finding the red and brown shale and locating the limestone 
inunediately above it. 

Where fossils are not present and the beds have no dis- 
tinguishing characteristics, the use of a carefully prepared 
vertical section of the formations will often be found valuable 
for correlative purposes. This vertical section will be of use, 
however, only in such regions as have parallel beds of con- 
siderable extent, for it can be easily understood that such a 
section would be of no value in regions where the different 
strata pinch out, or thicken up, in relatively short distances, 
or chaise in character along the outerop. Where, however. 
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the beds hold up well, the vertical section can be prepared 
and used as below where section A represents the key section 
and bed 1 is being followed, section B represents the section 
found across an area of no outcrops and bed 1 is the same as 
in section A. 

Section A. Section B. 

2 feet dolomitic limestone 7 feet brown cUy shale 

28 feet brown sandy ehale 2 feet dolomitic limestone 

Sfeet coarse red sandstone (1) 27 feet brown aandy ahale 
15 feet gray clay shale 3 fea coarse red sandBt€me (1) 

4 feet massive blue limestone 16 feet gray clay shale 

5 feet gray sandy shale 4 feet massive blue limestone 

6 feet blue day ahale 

There are some regions which cannot be correlated by 
either of the methods described above, Ee^ons of this 
nature are exemplified by the Red Beds of the Permian 
which contain practically no fossils, and where the individual 
formations thicken and thin in comparatively short dis- 
tances. In such locahties as this correlation is extremely 
difficult and should be attempted only by a person thoroughly 
familiar with every phase of the rocks for that particular area, 
and even then the results can be carried for but short dis- 
tances and are often questionable. This being true, there 
are no particular methods of correlation in the Red Beds, 
and the best results are generally obtained by a very close 
study of all the formations and their various methods of 
occurrence, and from the information thus obtained a fairly 
accurate general, rather than detailed, idea of structural con- 
ditions may be secured. 

Contouiing of the Map.— When the geologist has deter- 
mined the course of the outcrop and it has been mapped and 
elevations computed by the instrument man, the next step in 
the preparation of a detailed structure map is the contouring. 
This can best be described by the aid of diagrams (Figs. 13, 
14, and 15). 

I ■ .,'...oo<;lc 
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In Fig. 13 is a copy of a map showing the coUFse of the 
outcrops and elevations along the exposure, these elevations 
having all been reduced to that of the key horizon. Since it 
is necessary in contouring a map to connect the points of 
equal elevation, and it is impracticable to connect up all 
points on the map which have an equal elevation, it is the 




Fig. 13. — Detail map showing elevations. 



accepted custom to select and use some contour interval. 
This interval represents the vertical difference in elevation 
between any two adjacent contour lines, and varies according 
to the scale of the map and the steepness of the dip. Having 
chosen the contour interval (10 feet in the dif^p'ams), the 
next step is the drawing of the contour lines. Starting at 

I ■ ..L.OO'JIC 



36 FIELD MAPPING AND METHODS 

some point whose elevation is divisible by 10 (the contour 
interval), a line is drawn through all points having the same 
elevation. In the contouring of a map, however, there will 
be found various points on the map through which a contour 
line should pass but where there will be no elevation divisible 




Fia. 14. — Detail map showing elevations and points through which 
contours should pass. 



by 10, and it then becomes necessary to approximate the 
location of that point from two other adjacent points, one 
being greater than the value of the contour line and the 
other less. In Fig. 14 it will be noted that there is no 1010 
foot elevation in the northeast part of the map, but a point is 
found with an elevation of 1008 and another with an eleva- 
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tion of 1014 feet. To obtain the location of the 1010 foot 
elevation point the distance between the two known paints 
is divided into as many equal parta as are obtained by eub- 
tractii^ the lesser from the greater elevation, which in this 
case ^ves a remainder of 6, The interval between the two 




—Detail map with contours drawn on a surface formation (S'), 
showing form of structure present. 



points is therefore divided into 6 equal parts to which values 
are assigned from 1008 to 1014, and as the location of a point 
having an elevation of 1010 feet is desired, it is obtained by 
counting up two divisions from the elevation of 1008 and 
making a small x at that point. This x then marks the 
division through which the 1010 foot contour line will pass, 
I ■ .,L.oo<;k- 
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and in like manner all such points are secured, through which 
a contour line is to pass but which do not appear as direct 
computed elevations on the map. The result of locating 
such points is shown in Fig. 14 where the controlling points 
for contour lines are marked by a small x. 

When one contour has been drawn the others are then 
drawn in succession by connecting all points having an eleva- 
tion equal to the contour interval and located either above or 
below the previous contour line drawn on the map. 

In this manner, by locating the points throu^ which the 
contours are to pass (Fig. 14) and then connecting those hav- 
ing equal elevations, the form of the surface of the key 
horizon is graphically represented (Fig. 15), just as the s^2x- 
face of the earth is depicted by a topographic map. This 
method of contourii^ a map described above applies either 
to siuface structure maps, or to structure maps of some sub- 
surface bed, on whose surface elevations are known. 

Reconnaissance Mapping. Reconnaissance maps may be 
either maps which show only the general course of the 
stratum, with symbols to illustrate the dip and strike 
(Fig. 5), or they may be more in detail, representing more 
accurate locations of the outcrop with elevations taken by an 
aneroid barometer or stadia handlevel. 

Where the map is to show only the dip and strike of the 
outcrop, as it is found throughout the area, the observations 
may be taken with a "Brunton Patent Pocket Transit." 
This is done by determining the strike of the bed — the line 
along which the stratum intersects the horizon — and then 
measuring the vertical angle of the dip at right angles to the 
line of strike. Thus if the strike of the bed is 45° to the 
north of west, then the angle of dip will be measured either 
45° to the north of east, or to the south of west, depending 
upon which way the bed is dipping, as the strike will be the 
same for a true northeast or southwest dip. The method 
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of measuring the vertical angle of dip is described on 
page 69. 

The dip strike symbols when placed on the map will then 
show whether or not a favorable etructure be present 
(Fig. 5); and while they show the presence or absence of 
folds they do not give any idea as to the size, except in a 
very general way. 

Maps representing structure by dip and strike symbols 
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Fio. 16. — Showing method of contouring a dip strike symbo! map. 
(The elevations of the contours are asBiuued.) 



may be contoured (Fig. 16) but such contours are merely 
relative and not exact. If, however, it is desired to contour 
such a map, it is done by determining the dip in feet per mile 
in the various directions, plotting the points and connecting 
by contour lines. Thus if the dip is 40 feet to the mile to 
the north it means that starting at the point where that dip 
begins and going one mile north, and using a 10-foot con- 
tour interval, there will be 5 contour lines crossing that mile. 
This can easily be seen since if we assume the elevation of 
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the contour line at the beginning of the north dip to be 1000 
feet, then the elevation of the contour one mile north will be 
960 feet and there will be a contour hne every j mile. 4 

When it is considered advisable to secure a more detailed 
map than the one described above, and yet not use a plane 
table outfit, the following method is often used: 

Determine directions by reading horizontal angles with 




Fia. 17. — Method of locating points by plotting horizontal angles. 



the Brunton compass (described on page 68) and plot them 
on the map; having correctly mapped the location line 
from one point to the next we may secure the elevations by 
taking readings on the aneroid barometer (page 71), or by 
carrying an approximate traverse with the stadia handlevel 
(page 73). 

Having obtained the location line and elevation of an 
unknown point with reference to a known one, it is only 
necessary to determine the distance before it can be plotted 



RECONNAISSANCE MAPPING 41 

on the map, Tho distance may be secured by pacing and 
computing from the number of paces taken times the length 
of the averse pace, or it may be secured direct in tenths 
of a mile from an automobile speedometer, or by multiplying 
the circumference of a wagon wheel by the number of revo- 
lutions made in going from the first point to the second. 
In Fig. 17, starting at point A, which may be plotted at any 
place on the map, and sighting with the Brunton to the 
next point desired B; read the horizontal angle from eithel* 
north or south. This angle when corrected for declination 
(see page 71) should then be plotted on the map from point 
A, giving the line A-x. A small protractor can be easily 
carried in the pocket and furnishes the best means for plot- 
ting the angles, and for this work cross-section paper should 
be used. Having plotted the direction from A to S on the 
map, the distance between the two points may be secured 
by any of the methods described above and scaled in along 
the hue A-x, starting from A. The result wiH be an approx- 
imately correct location of point B, depending upon the 
accuracy of the determinations made. The elevation of B, 
relative to A, may be secured as mentioned above, and either 
recorded on the map or in the field notes. 

Construction of a Pace Scale. — If the distance is 
obtained by pacing, a pace scale will be found very useful, 
and a very convenient method of making one is therefore 
given below for use when double paces are used, that is 
counting as one pace each time the right foot hitsthe ground. 

Suppose that a pacing scale is desired for use on maps 
having a scale of 4 inches to the mile. 

Lay off on a piece of good, thick paper a line 4 inches 
long (A-B, Fig. 18). Then divide the number of feet in a 
mile (5280) by the length of one pace in feet— previously 
determined by walking several times over a known distance. 
Thus if the pace is found to be 5.4 feet there will be 998 
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paces to the mile, and the 4-inch scale is then to be divided 
into 998 parts, if one pace is to be used as the unit of measure. 
It will generally be found more convenient to use 10 paces 
as the unit and the scale will then be divided into 99.8 parts. 
In order to secure a correct division of the line A-B into 
99.8 parts the line A-C is laid off at any moderate angle 
from A-B. Then taking any convenient scale, as lOQths 
of an inch, begin at A and lay off along A-C 998-lOOths, or 
9.98 inches, giving an accurate location for the point C. 



Connect points B and C. Starting at A along line A-C 
draw a line from every 100th point (every inch) to hne A—B 
and parallel to line B-C, giving the Unes D-D' to L-U, 
inclusive. The intercepted distances along hne A-B then 
represent distances equal to 100 paces — thus D'-E' repre- 
sents 100 paces; by dividing the line A-D' into 10 equal 
parts, each one of these ten divisions will then represent 
distances of 10 paces each. The line A-K' is then equal to 
800 paces of 5.4 feet each, using a scale of 4 inches to the 
mile, and will be found very convenient for scaling in dis- 
tances on a map where paces are the unit of measure. In 
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the same maimer pacing scales can be constructed for any 
Bcale map and using any length of pace. 

In pacing distances it is very essential that a natural 
step be taken. Then if the length of the pace is known the 
measurement of a distance is only a matter of counting 
steps. This counting can be done mentally and with prac- 
tice will become subconscious, although care must be taken 
to avoid dropping 100 paces in such counting. It will 
therefore prove better to keep a tally of the hundreds, which 
may be done by keeping one hand closed and extending out 
one finger every time 100 steps toe taken; and when all 
four fingers and the thumb are extended a mark can be made 
in the note book and the operation repeated. Thus if after 
pacii^ a distance it is found that 2 marks have been made 
in the book, 3 fingers are extended, and 27 paces was the 
last one counted the total number of paces is 1327. 

On level ground pacing will be found to be accurate to 
wiMiin 4 per cent or less, but practice must be used to deter- 
mine the average lei^h of paces on slopes in order to reduce 
the error to the minimum. 

When the distance is determined by the speedometer of 
an automobile it is read directly in miles and tenths of a 
mile and may be scaled in on the map by use of a scale 
divided in tenths of an inch. 

If the distance is computed from the number of revolu- 
tions a wagon wheel makes in going from one point to the 
next, the formula x=n{vd) is used, where x is the distance 
required, n the number of revolutions of the wheel, t repre- 
sented by 3.1416, and d is the diameter of the wheel. For 
example, if the diameter of the wheel is 4 feet, and it makes 
50 revolutions in going from one point to the next, then the 
distance between them is as follows : 

31=50(3.1416X4) =628.3 feet, the distance covered. 

I ■ ..'...ooijlc 



44 



FIELD MAPPING AND METHODS 



Thus it b possible to make a eketcH map showing the 
approximate location of the outcrop and by use of dip strike 
symbols, or contours, when elevations are carried, secure a 
general or more detailed map of the structure, according to 
the method used. 

In general it will be" found that reconnaissance mapping 
will prove very satisfactory, if only a general idea of the 




Fta. 19. — Location ot an unknown point (i)) by trianguJation from 
three known points (A, B, and C). 

region is desired, or when making a map preliminary to 
detailed structure mapping. 

Some Useful Methods in Mapping. — When mapping 
an area, either in detail or reconnaissance, there are several 
"short-cut methods" which will assist in materially shorten- 
ing the time required for the work, and yet not impair the 
accuracy. A few of these are therefore given and deeoribed. 
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Triangulation. — The method of locating a point from 
two or more known ones is commonly called triangulation, 
and has been found very useful when desiring to secure a 
correct location without the carrying of a traverse. To do 
this, however, requires that the first two or more points 
used must be already plotted to scale on the map being 
made. In Fig. 19, when the points A, B, and C are already 
known and located on the map, the location of the unknown 
point Z), may be obtained by orienting the map and then 
Eating through points A', B', and C, as plotted on the map 
to points A, B, and C respectively in the field. Lines drawn 
along the ruler edge of the ahdade * and passing through 
the known points when thus sighted, will intersect at the 
point D on the map which will be the correct location for 
the unknown point. 

In like manner if a traverse is being carried and it is de- 
sired to secure the location of some object at a distance 
from the traverse it is done by sighting in turn from the 
various points at which the instrument is set up to the object 
in question. Lines drawn along the ruler edge of the aUdade 
and parallel to these lines of sight will then intersect at the 
correct location of the point desired. This method of loca- 
tion is especially useful in "shooting in"^ such distant 
objects as a watertower, a bridge across a stream, houses, 
oil derricks, etc. It can readily be seen that if a vertical 
ai^le {see page 62) to the same point on the object is read 
from each of the stations, when the location is secured by 
the intersection of the lines the distance that the point is 
away may then be secured by measiiring (with scale) from 
the intersection of the lines on the map to any one of the 

' Telescopic alidade, the instrument used ia detailed structure 
mapping, described and explained on pages 53 to 68. 

' A term used to denote the taking- of an observation on •ome object 
B:id then locatiug it on the map. 
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Etations xised. Then knowing both the distance that the 
object is away and the vertical angle for that station the 
difference in elevation may be computed in the same way 
as when distance and angle are obtained from a readii^ on 
the stadia rod. 

By this method the location, and a very close elevation, 
of any distant ojjject may be secured without taking the 
time to carry a traverse to that point. 

The distance away and the elevation of oil derricks may 
often be secured directly from the derricks themselves. A 
standard derrick has girts which 
are 8 feet from center to center, 
with the exception of the bottom 
and top ones; the bottom girt 
being 10 feet from the derrick 
floor, and the top one beii^ 6 feet 
from the crown block (Fig. 20). 
Therefore if the number of girts 
and fractions thereof are read, in 
the same manner in which feet and 
tenths are read on the stadia rod, 
the distance may be computed 
within a very few feet. If, for 
example, 2J girts are intercepted 
by either the top or bottom and 

T-. on c. J J J 1 *he middle hairs of the telescopic 
PiQ. 20.— Standard derrick _,;j_j_ ^l-_ ^l i-_^ ■ 

showing spacing of girts. 



4000 feet. (See page f 



ahdade, then the distance 
equal to 200 times 20 feet, or 
3.) When the distance is secured 
by this method it is better to use a level reading (page 60) 
for the elevation. When the instrument is sighted at the 
derrick and leveled up, if it is seen that the middle hair 
falls midway between the sixth and seventh gula, then the 
derrick floor is 54 feet {10'+[5X8']+4') below the center 
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of the alidade. In using this method care should be taken 
to ascertain in advance whether the derricks in that particu- 
lar area are standard ones or not, and this can usually be 
done by asking the operators or drilling contractors in the 
field. It is necessary to know this as some derricks are 
built with iprts 7 feet apart instead of 8 feet, but when this 
has been found out the method of procedure is the same as 
though the girts were 8 feet apart. 

Elevations on the Outchop. — Oftentimes when detail- 
ing an area it will be found desirable to secure an elevation 
at the head of a small ravine which is densely grown up with 
brush, and where it would require hours of work to carry a 
traverse to the proper point. In such cases, where the 
distance is comparatively short — not more than 1000 feet — 
the elevation may be secured by the use of the aneroid 
barometer (described on pa^ 71) and the distance esti- 
mated and the results recorded in the notes. The resultant 
elevation and location will not be quite as accurate as if 
done by transit, but with other nearby elevations to act as 
a check it will be found accurate enough for all practical 
purposes. Before doing this it is well to practice estimating 
distances, ai;d in a short time it will be found that the esti- 
mates are quite accurate. 

When it is desired to take an observation on the rod at 
some point which is hidden from the ahdade by such objects 
as houses, oil tanks, etc., it is commonly done by pacing the 
distance from the point to a place where the instrument can 
be seen and then setting the rod up so that the elevation 
will be the same as at the point desired. Then, by esti- 
mating the direction from the point to where the rod was 
held and knowing the distance, the location desired may be 
correctly placed on the map. This method is very useful 
and accurate for short distances — 300 feet or less — and it is 
seldom necessary to make use of it except for short distances. 
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Reconnaissance Teiangulation. — In the preparation 
of a reconnaissance map of an area a rough syEtem of tri- 
angulation may be carried on with the "Brunton Patent 
Pocket Transit." (See pages 68 to 71 for description and 
method of use.) This triangulation is accomplished by 
arbitrarily plotting some known point on the map (_A, Fig, 
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Fio. 31. — Method for reconnaissance triangulation, using a Bruoton. 

21) and then reading the horizontal angles to points B, C, 
D, and E respectively and plotting these angles on the map 
from A, using a protractor and cross-section paper. De- 
termine the differences in elevation of each of these points 
relative to A (see page 74) and record them either in the 
notes or along the lines of sight as plotted on the map; 
, ..L.ooyk- 
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secure the distance from A to 6 by any of the methods de- 
scribed under Reconnaissance Mapping and plot point B on 
the map. From B the horizontal angles are read to C, D, 
and E and also plotted on the map. The intersections of 
the respective lines will then give the location of the points 
C, D, and E and the elevations have already been secured 
at A and may be checked from B if desired. By thus ob- 
taining distances and elevations a fairly accurate map may 
be made very rapidly in open country where the outcrop 
shows up well. It also enables one to set elevations which 
may serve as future bench marks for aneroid work. 

Checking Detail Traverse. — In carrying detail trav- 
erse and "closing in"^ on some known bench mark it is 
not uncommon to find that the elevation does not check 
within several feet of the one previously recorded for that 
point, and in order that the traverse, and consequently the 
map, may be correct this requires a checking of the work to 
determine the location of the error and correct it. It is 
usually desirable to do this in the least possible time and thus 
keep down, as far as may be, the cost of the map. When 
lookii^ for such error it is best to first check the notes in 
the book and make certain that the computations are all 
correct and then if the mistake is not found the traverse 
can be checked as shown in Fig. 22. In this case the traverse 
. does not tie in for elevation, and in order to shorten the 
amount of work required for checking, the new traverse 
X-Y is carried. If this shows that the elevation at F is 
correct with regard to the one at X, the error must then be 
' A term used to denote the joining up of one traverse with another, 
or the ending of a traverse at the starting-point, or some other deSnitdy 
located point. When the traverse closes in correctly the elevationB of 
• the two points should be the same, and the end-point of the traverse 
being carried should coincide on the map with the point to which the 
truveree ia being closed with, and which must already be located on the 
map. 
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between X and Z, or Y and Z; by carrying the traverse 

W-Z, if it is found that the elevation at TT is not correct 

with respect to that at Z, it 

will show that the error is 

along the hne Z-X, and this 

may then be recarried and the 

error found; should the eleva^ 

tion at W be correct with 

respect to the elevation at Z, 

the mistake is then between Y 

and Z. Whenever it is found 

necessary in the field to check 

a traverse for an error in eleva- 

FiG,22.-ShowingHhort method ^ion, it wiU be found that by 

for checkinic a traverse for , <■ ^i. 

error in delation Carrying such cross Imes the 

work required for checking will 

be shortened to a considerable extent. 

In some cases the location of the two points when the 
traverse is closed will not coincide, thus showing that there 
is an error in declination, and this must then be checked. 
When this is true it is best to check the entire traverse, 
should the error be more than a few hundred feet in the 
case of the ordinary map on a scale of 4 inches or less to the 
mile. If the map is to be very accurate, and on a larger 
scale, an error of 50 feet in declination will often require 
the recarrying of a traverse. That, however, will depend 
on the scale of the map used and the accuracy of the work 
desired, so no definite rule can be given. 

Subsurface Maps and Convergence Sheet.^ Con- 
sTKucnoN OF MAPs.^The work of makit^ a map of any 
particular stratum located at a considerable depth beneatl^ 

' Abstracted from U. 8. G. S. Bull. No. 318, Geology of oil and gas 
fields in Steubenville, Burgettstown, and ClayviUe quadrangles, Ohio, 
W. Va,, and PennsylTania. W. T. Grigwold and M. J. Munn. 
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the surface of the ear&. conslstB of three distinct steps: 
First, carefiil contour mapping of some pronuneDt surface 
bed, called the key honzon; second, the ascertaining of the 
distance between this key horizon and the producing oU 
sand below, t<^ether with the amount and direction of vari- 
ation in this distance; third, the application of a correction 
to the surface mapping equal to this convei^ence, so that 
lines drawn on the map connecting points of equal elevation 
(contour lines) will show the true shape of the oil sand, or 
particul&r stratum heiag mapped. 

Structural Map op the Kbt Horizon. — When the 
geologist has completed the field work, as previously de- 
scribed, he has a map of the area on which are shown at 
hundreds of points the horizontal location and the elevation 
of the outcrops of the different beds mapped in the field. 
By a study of these outcrops the interval between the differ- 
ent strata is obtained, and one bed is selected as the key 
horizon, usually that outcropping over the greatest area. 
By adding to or subtracting from the elevation of other 
known beds the distance they have been found to be below 
or above the key horizon, the elevation of that stratum 
is obtained for all points taken, and when lines are drawn 
connecting the points of equal elevation, a contour map of 
the key horizon is produced. 

CoNVEBQBNCB Map.^ — From a study of the records of 
the wells in the different parts of the area a knowledge of 
the variation in distance between the key horizon and the 
subsurface stratum is obtained. Without these records it 
would be impossible to make any drawing that would show 
the form and position of the sand, unless it were exactly 
parallel with the key horizon. 

To make use of the well records and construct an actual 
map of the oil-bearing sand the following method is most 
commonly used: Plot all the wells drilled within the area 
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on the Btructure map of the key horizon. As the elevation 
of the mouth of each of these wells has already been deter- 
mined — during the course of the field work, the position of 
the key horizon with reference to the mouth of the well is 
obtained directly from the map, and with this information 
the distance from the key stratum to the oil-bearing sand at 
that point is obtained from the record of the well. Thus if 
the key horizon is found to be 14 feet above the top of a cer- 
tain well, and that well was drilled to a depth of 1111 feet 
before reaching the producing ,sand, then the distance from 
the key stratum is 14+1111 or 1125 feet. 

By making this computation for each well of which a 
reliable record can be obtained, the distance from the key 
horizon to the oil bearing stratum is obtained in different 
parts of the area. In general this distance is not the same 
at different wells, but will decrease in one direction or the 
other. 

It is then necessary to correct for the eonvei^ence between 
the key horizon and the oil sand, and this is done by means 
of a mechanical drawing called a "convergence sheet." 
This drawing is made on tracing cloth by connecting the 
locations of the wells, from which reliable records have been 
obtained, by straight lines. These hnes are then divided 
proportionately to the amount of convergence found be- 
tween the two wells, so that each division of the line will 
represent an increased distance of 10 feet between the key 
horizon and the subsurface stratum, or oil bearing sand. 

Having thus divided all the tines connecting the different 
wells, the points that show an equal distance from the key 
stratum to the oil sand are connected, giving a drawing 
that, when placed over the structure map of the key horizon, 
shows directly what distance should be subtracted from 
each elevation of the key stratiun to make it equivalent to 
the elevation of the oil sand at that point. 

I,. !■.. .Xiooyk' 
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In the preparation of this convergence sheet, records 
should be obtained from as many wells as possible, and the 
wells should not be spaced more than a mile apart, if it is 
posrable to avoid doing so. It vb better if t^ey can be spaced 
within a quarter of a mile of each other. 

The regularity and uniformity of this mechanical drawing 
will show whether or not it is possible to make a map of the 
oil sand that will be of practical value. If the distance 
between the 10-foot lines, called isochor lines (having an 
equal interval between the key horizon and the producing 
stratum), is regular and the decrease is uniform in one 
direction, a map of the lower sands can be made practically 
correct. When, however, tiie distance from the key hori- 
zon to the sand does not decrease uniformly, but first in one 
direction and then in another, there is little use in trying to 
interpret the structure of subsurface stratum from a map 
of the surface structure. It is beyond the fondest hope of 
the geologist that the wells have been located at the exact 
point of greatest distance between the two formations, and 
the resulting map will therefore probably be incorrect over 
limited areas. 

The amount of convergence per mile is another impor- 
tant factor to be considered. When it amounts to 50 or 
60 feet to the mile, there is Uttle probabiUty that the result- 
ing map of the sand will be correct within a limit of from 
20 to 30 feet. If, however, the convergence is less than 20 
feet to the mile, then the resulting map shoxild be of the 
same d^iree of accuracy as the surface structure map. 

In makii^ maps of subsurface strata in areas that have 
not been productive, most of the records used for the con- 
struction of the convei^enee dieet miist be taken from wild- 
cat wells. In many cases it is difficult to procure the records 
of such wells, and often the best that can be obtained is the 
depth, from some operator's memory, at which the sand was 
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encountered ; and the sand of which he speaks may or may 
not be the same one used in the construction of the con- 
vei^ence sheet. This is a source of serious error, for a mis- 
take in this distance may make the final map incorrect for a 
considerable distance about the well, especially where there 
are no near-by wells to act as a check. 

In preparing a subsurface map, a full knowledge should 
be had of the well records used for constructing the con- 
vergence sheet, and the reason given for discarding any 
reliable records whose distance would change the converg- 
ence sheet. 

Map of the Oil Sand. — When the convergence sheet is 
completed, the operation of making a contoiu" map of the 
oil sand becomes very simple. The tracii^ is placed over 
the map on which are noted the elevations of the key hori- 
zon, and from each of these elevations the amount shown 
by the convergence sheet for that point is subtracted. The 
result is the elevation erf a point on the oil sand, and by con- 
necting the points of equal elevation with lines, a contour 
map of the oil-bearii^ sand is made. These maps axe espe- 
cially valuable in determining the apparent size and shape of 
an oil-bearing sand, and thus assist in computing the amount 
of oil that it may reasonably be expected to yield. 

Preparing the Miq» and Report. — When the geologist has 
completed the field work in any area, it is then necessary 
to draw an accurate final map of it and give a report covering 
conditions in the region. 

The map is prepared by making a copy, on tracing cloth 
or paper, of the map prepared in the field, and should show 
all outcrops, their location and elevation wherever deter- 
minations of it were made, the contours representing the to- 
pography of the key horizon, a geologic section of the 
rocks exposed in the area, the date and the name of the 
geoli^ist, as well as a full and accurate description of the 
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location. This description is given either by township and 
range, county and state; or by survey, county and state; 
or whatever method is employed in the area to describe the 
location of any given area. 

If the work is done for some oil company by a geologist 
on the staff of that company, it is necessary only to make a 
tracing of the map as described above, while if the map is 
prepared by the geologist for a private individual or some 
company with which he is not connected other than as a 
consulting geologist, it is then required that a print be made 
from the tracmg and inclosed with the report. 

Writing the Report. — In preparing a report on any 
prospective oil or gas area the most important thing to be 
considered is that the paper be as brief as possible and still 
cover every condition in the area that in any way bears 
upon i>0Bsible production. lo order to do this it is best to 
have a clear and concise outline which covers the necessary 
points. Since, however, not all areas can be covered by the 
same outline or report, the form given below is general 
rather than specific, and should be modified, if necessary, 
to cover any particular region. 

Outline fob Report on Area 

I. Title. 

II. Introduction. Reason for work, and acknowledg- 
ments for information. 

III. Location. General and regional. 

IV. Topography and drainage. 

V. Accessibihty and development at time of report. 
VI. Geolt^y. 

A. Stratigraphy. 

1. General features. 

2. Exposed rocks. 

r,.iz=<i„ Google 
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(a) Kind of rocks and character of out- 
crops. 
3. Rocks not exposed but present beneath 
the surface. 
(a) Relation to other fields abeady pro- 
ducing. 
B. Structure. 

1, Method of determining and repreeentii^. 

2, Regional structures. 

3, Local structures. 
VII. Prospective oil and gas areas. 

A. Localities of favorable structures, with descrip- 

tion. 

B. Localities of possible favorable structures, with 

description. 

C. Localities of unfavorable structures, with de- 

scription. 

D. Copies of well records in the area. 

VIII. Summary, giving general possibilities for develop- 
ment, and locations best suited for tests. 

The above outline is intended primarily for use when 
describing an area as yet undeveloped, and when it is desired 
to write a report covering an area already productive it 
then becomes necessary to omit all general topics and deal 
strictly with specific cases. When the latter is true, it is 
necessary to take up a full interpretation of the well records 
and deal with such problems as water in the oil sand, methods 
of drilling, best method for handling wells, etc. 
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CHAPTER IV 

FIELD MAPPING INSTRUMENTS, THEIR USE AND 
ADJUSTMENT 

Telescopic Alidade (Fig. 24). This instrument is used in 
field geologic mapping to obtain distances and differences 
in elevation from stadia rod readings. In measuring dis- 
tances with the telescopic alidade the horizontal hairs in the 



Fia. 24. — The Telescopic Alidade. (Courtesy of Bausch & Lomb 

Optical Co.) 

instrument are so spaced that the interception on the rod of 
the top and bottom hairs times 100 is equal to the horizontal 
distance that the rod is away from the center of the instru- 
ment; likewise the interception of either the top or bottom 
and the middle hair times 200 is the distance away of the 
rod. Thus if the interception of the top and bottom hairs 
is 2.5 feet {Fig. 25), the rod is at a distance of 250 feet from 
the alidade; if the interception between the top and middle, 
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or bottom and middle, hairs is 2.5 feet, then the rod is 500 
feet away. Some instruments are further provided with a 
hair between the middle and one outside hair. This is 
known as the "quarter hair," and the interception between 
this and either adjacent hair times 400 gives the distance 
from the rod to the instrument. In Fig. 26 is shown a 



quarter interception of 2.5 feet, representing a distance of 
1000 feet (400X2.5 feet). 

In measuring distances it will frequently be found that 
the rod will be at a considerable angle above or below the 
instrument. When this is true, if the rod is held vertically, 
as it commonly is, it will not be perpendicular to the Une of 
sight of the alidade, and the interval read on the rod will be 
too large and will have to be corrected. It is possible so to 
I ■ .,L.oo<;k- 



60 FIELD MAPPING INSTRUMENTS 

incline the rod that it will be perpendicular to the line of 
sight; but this requires very accurate judgment on the part 
of the rodman, and also tends to complicate the reading of 
the elevations. For the correction of such inclined stadia 
observations Stadia Reduction Tables are given on pages 
97 to 105. 

Elevation Readings, — For reading differences in ele- 
vation with a telescopic alidade and stadia rod there are 
three chief methods; 

(a) Levd Readings are secured with the ahdade by level- 
ing up the tele8coi)e tube by means of the tangent screw and 
the striding level above the telescope'. When the tube is 
perfectly horizontal the interception of the middle hair on 
the rod is then read. For such levehng of the telescope the 
tangent screw is turned either to the right or left, as the case 
may be, until the, bubble in the striding level shows the 
instrument to be in a horizontal position, at which time 
the position of the middle hair on the rod represents the 
distance that the bottom of the rod b below the center of the 
instrument. If the middle hair is on 10.2 feet, then the cen- 
ter of the instrument is 10,2 feet above the base of the rod. 
(The center of the instrument is commonly called the "H 
I.," or height of the instrument, when set up in the field.) 

Often when the instrument is leveled the middle hair will 
be found to be either above or below the rod and elevations 
may then be secured by either the bottom or top hairs, if 
they fall on the rod. For example, if the middle hair does 
not fall on the rod but the bottom hair falls on the 14,2 foot 
mark, the difference in elevation will be 14.2 feet pliis the 
interception on the rod of the middle and bottom hair; if 
the interception in the above case is 5.3 feet, then the bottom 
of the rod is 14.2+5.3, or 19.5 feet below the center of the 
instrument. 

Should the middle hair fall below the rod, however, then 
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the difference in elevation will be the interception of the top 
and middle hairs minus the elevation on which the top hair 
Falls. K the interception of the top and middle hairs is 
5.2 feet, and the top hair, when the instrument is level, falls 
on 1.2 feet, then the difference in elevation is 5.2—1.2, or 
4 feet, the vertical distance from the center of the instru- 
ment to the foot of the rod. 




Fio. 27. — Method of stepping elevations. (Courtesy of Bausch & 
Lomb Optical Co.) 

{b) Stepping Etevatiims. — This method of obtaining ele- 
vations is used when it is found impossible to secure a level 
reading for differences in elevation and it is not desired to 
read vertical angles and compute. When using the stepping 
method the instrument is first leveled as for the level reading 
of elevations, and the field of vision is then elevated or de- 
pressed, one interval at a time, until one of the hairs cuts 
the rod. This can best be understood from Fig. 27. In 
, ..L.ooyk- 
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this case the rod ia at a distance above the iustniment and 
after the telescope has been leveled A it is then raised B 
so that the lower hair, or stadia wire, occupies the exact 
position of the middle wire in A. The telescope is then 
■ elevated by successive steps, each equal to the stadia inter- 
val, until the upper stadia wire cute the rod D. The cor- 
rect stadia interval ^ is then found E by setting one wire, 
the bottom one, on any convenient foot mark and reading 
the number of feet and tenths of a foot intercepted between 
the bottom and top stadia wires, the distance in the diagram 
being 7.4 feet. This interval times the number of steps 
(in this case 3) gives the total intercept (22.2 feet), or the 
distance between the upper wire in field D and the middle 
wire in field A. Since, however, in the di^^ram the upper 
wire in field D cute the rod on the 1.5 foot mark, the differ- 
ence in elevation between the base of the rod and the center 
of the instrument is (3X7.4 feet)-1.5 feet, or 20.7 feet. 

The stepping method for determining differences in ele- 
vation is well adapted to r^ons where such suitable objecte 
as trees, rocks, oil derricks, etc., can be found which will 
serve as distinctive marks for the position occupied by the 
stadia wires in each field of elevation or depression. 

(c) Vertical Angles. — When, however, it is impracticable 
to use the stepping system and impossible to use the level 
readings, the third method, that of reading vertical ai^es, 
is used. In this method after the telescope has been leveled 
the vernier is read and the angle recorded. The telescope 
is then elevated or depressed untU the middle hair cuts the 
rod at some foot mark, as 10 feet, and the angle again read 
on the vernier and recorded. The difference between these 
angles is then found and the value for this difference deter- 
mined from the table on page 96. This value times the 
distance between the rod and the instrument, with two places 

' The stadia interval b the mterception of the top and bottom hairs. 
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pointed off, ± the foot mark on which the middle hair was set, 
is equal to the difference in elevation. Thus if the level 
reading is 30° 10', and the reading when the middle hair 
is set on the 10-foot mark is 26" 8', this gives an angular 
difference of 4° 2', which according to the Stadia Conversion 
Table has a value of 7.02. Were the distance 600 feet, then 
the difference in elevation is (7.02X6.00) ±10 feet = 32.12 
feet, or 52.12 feet accordir^ to whether the rod is above or 
below the alidade. When the rod is above the alidade the 
10 feet is subtracted from, and if below added to, the amount 
obtained by multiplying the distance, with two places pointed 
off, by the value for the difference between the two angles. 

In field mapping as done by aid of the telescopic alidade 
the map is made at the time, and in the field, by plotting all 
points on the map at the time they are located by the trav- 
erse. The plane table is first set up and then leveled and 
oriented, usii^ the aUdade. The levehng is done by adjust- 
ing the plane table until the small bubble on the base of the 
ahdade shows the surface of the table to be level, and the 
table is then oriented by placing one edge of the alidade 
base aloi^ the line of declination, previously determined,' 

' The line of declination is determined by drawing a line on the map 
(rom the north to the south, to be used as a true north-south line. 
A point is then located near the south end of this line. Set the plane 
table up, level it, and then place the ruler edge of the alidade along 
the true north-south and sight along some true north-south line in the 
field, such as a section line, or some meridian line. When the north- 
south line on the map is in direct line with the one in the field the plane 
table is firmly damped to the tripod ; the alidade is then revolved around 
the point already located on the north-south line until the compass 
needle points to zero, and when revolving the alidade care must be taken 
to see that the ruler -dge of the instrument paasee through the point 
above mentioned. 'Vhen the needle comes to rest at zero a line ia 
drawn along the edge of the instrument, passing through the point on 
the map, and this line is the line of dedinatum for the area wkm the 
obterBotiona were taken. 
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and turning the plane table until the needle comes to rest 
on the zero point. The table is then oriented true north 
and south. When this has been done the point from which 
the work is to start is plotted on the map, if it has not already 
been done. The ruler edge of the base of the alidade is then 
placed along this point and the telescope is so s^ted on the 
rod— held over some point whose location it is desired to 
plot on the map— that the vertical hair apparently splits 
the center of the rod and the distance is then read as de- 
scribed above. This distance is scaled in along the Une of 
sight (the ruler edge of the aUdade on the map being parallel 
to the line of sight) , giving the location, to scale, of the second 
point on the map, the accm-acy of whose location depends 
upon the care used in sighting on the rod and the reading of 
the distance, as well as its sealing in. By moving the table 
to some other point in the field, orienting, and sighting 
through this second point on the map back to the rod held 
on that point in the field, measuring the distance and scaling 
in as before, the location of a third point is secured. In this 
manner an accurate traverse can be carried and scaled in on 
the map, at the tune the readings are taken, and without 
the necessity of reading horizontal angles and computing, 
as is done when a surveyor's transit is used. 

Location of Points AwXt from the Traverse. — In 
detaUed geolo^c mapping it has been found most convenient 
to carry what is known as a main traverse and then take 
observations from this main traverse to points on the out^ 
crop, or other locations desired. This is done by making 
several determinations of distances and differences in ele- 
vation from one instrument station. In Fig. 28 the main 
traverse is carried through points A, B, C, D, E, and closed 
back to A again, but the observations on the outcrop are 
taken as illustrated by numbers 1 to 23. These side obser- 
vations show the course of the outcrop, or other points 
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desired, without the necessity of canying a long and irregular 
traverse, passing through each point, and thus save con- 
siderable time in the mappii^ of an area. 

Thianqulation with the Alidade. — In addition to 
their usefulness in determining horizontal distances and 
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differences in elevation, the alidade and stadia rod will be 
found the best instruments for intersection and resection 
work, commonly called triangulation, the methods of which 
have been taken up and described on p^es 45 to 46. 

Adjustments of the Telescopic Alidade. — This instru- 
ment is so constructed as to need practically no adjustment 
I ■ .,L.oo<;k- 
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in the field, with the exception of the striding level and stadia 
wires. Frequently during the work in the field it will be 
found that when the instrument is leveled up, by aid of the 
bubble in the striding level, and the level then reversed, the 
telescope no longer seems level. When this occurs it is 
necessary to adjust the bubble. This is best and easiest 
done by means of the little adjusting screw in the bubble 
support. Level the instrument, as though to take a level 
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Fta. 29. — Showing coturtant of isstniment, and intercepted interval o 
the rod. (Courteay of Bausch & Lomb Optical Co.) 



reading of elevation, and reverse the bubble — remove from 
the telescope, turn half way around and replace — noting the 
number of divisions on the glass by which the bubble in the 
second pontiou differs from that when first leveled; then 
turn the adjusting screw until the error is reduced one-half, 
after which reverse the bubble again. A few trials will. soon 
give the proper adjustment. 

If in carrying a traverse the elevations do not check, when 
the traverse is closed, and no error can be found in recarry- 
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ing the work, it is well to check the adjustment of the stadia 
hairs as follows : 

Level the telescope and place a stadia rod at exactly 100 
feet plus the constant (c+f) ^ from the center of the instru- 
ment, and note where the middle hair intersects the rod. 
Hold the rod in exactly the same position and mark precisely 
■5 of a foot above and below this intersection, and note 
whether the upper and lower cross hairs in the instrument 
intersect these marks when the middle hair is midway 
between them. If they do the hairs are in adjustment, but 
when they do not the stadia adjusting screws should be 
turned until all hairs bisect the target as described above. 
This test may be repeated at 400 feet plus the constant, but 
in this case the marks for the upper and lower hairs should 
be made 2 feet above and 2 feet below the intersection of the 
middle hair. 

If it is beheved that the middle wire is not in adjustment 
with the bubble, it should be tested by exactly leveling the 
telescope, placing the rod at a distance of about 200 feet and 
making a level reading of the difference in elevation. 
Measure the distance from the center of the instrument to 
the ground — the H. I.— and mark the place where the rod 
was held and also where the instrument was set up. Reverse 
the location of the rod and the ahdade and secure a level 
reading as before. If the bubble and middle stadia wire are 
in correct adjustment the difference in ground elevation 
between the instrument station and the rod station should 
be exactly the same at both points. 

When, however, the ground elevations do not check 

' "Biis constant is the distance from the center of the inBtrument to 
the anterior focal point (Fig. 29). It may be determined by focusing 
the instrument on some distant object and measuring the distances 
from the center of the objective back to the diaphragm, adding to this 
the distance from the objective back to the telescope axis. 
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exactly for differences the instrument is out of adjustment, 
and the best method for adjusting it is to send it to the factory 
or to some person well qualified for making the necessary 
adjustments. 

"The Bnmton Patent Pocket Transit." — This instru- 
ment is a combination compass, chnometer, and pocket 
transit, and experience has proved it a most valuable instni- 



Fia. 30. — For courses or horizontal angles. (CourteHy ot Wm. Ains- 
wortb & Sons). 

ment for reconnaissance work. The following cuts, showing 
the most common methods of using the Bninton for field 
mapping, together with the descriptions for these methods, 
are given by permission of Wm. Ainsworth & Sons of Denver, 
Colo. 

HoBizoNTAL Angles. — In taking courses or horizontal 
angles with the Brunton the instrument should be held as 



"BRUNTON PATENT POCKET TRANSIT" 69 

shown in Fig 30. The large bubble tube should be turned 
at right angles with the hue of sight as in Fig. 31; when the 
bubbles show that the instrument is level it should be cen- 
tered on the object by rotating 
the body and not by turning 
the instrument in the hands. 
The instrument is correctly 
sighted when the center line 
in the mirror bisects both the 
image of the sight and the 
object sighted. When the in- 
stnmient is thus sighted the 
readily of the needle will be 
comparatively easy, if the 
foregoing directions have been 
strictly complied with as to 
position, etc. The reading of 
the needle will then be the . 
number of degrees and minutes 
that the object is to the east 
or west of a true north-south 
line passii^ through the center 

of the instrument. In order Fia. 31. — Operator's view when 
to save time, expert operators *^"^ courses or horizontal 
always take the mean of the AiS^rth'^^f °* ^"^ 
needle vibrations as the read- 
ing, instead of waiting for the needle to come to rest. 

Vertical ANGLE8.^"In taking vertical angles {see Figs. 
32 and 33) the sightii^ bar is thrown out parallel with the 
face of the instrument, with the sighting end folded at right 
angles to the bar. Then the mirror lined lid is held at approx- 
imately an angle of 45° with the face of the instrument, in 
which position the eye can see through the -opening in the 
end of the sighting bar, the cylindrical opening in the lid and 
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Fio, 32.^Fot vertical an^ee. (Courteay of Wm. Aineworth & Sons.) 



Fia. 33. — Operator's view of instrument when taking vertical a 
(Courtesy al Wm. Ainsworth it Sons.) 
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at the same time view the reflection of the large bubble 
tube in the mirror. Careful attention should be paid to 
the position of the hands, it being e-specially necessary that 
the thumb and forefinger of the right hand should grasp the 
body of the instrument while the middle finger moves the 
crank actuatmg the bubble tubes. Great care should be 
observed in taking vertical angles to be certain that the sides 
of the instrument are held perpendicular when the sight is 
taken, and at first it is well to repeat the sight two or three 
times in succession until the requsite degree of skill in hand- 
lii^ is attained. The mirror cannot be used for the purpose 
of reading vertical angles, but is merely used to show the 
operator when the bubble is central, after which the Ud is 
opened and the vernier arm read direct." 

Adjustment of the Bbdnton, — When it ia desired to 
use the Brunton in constructing an accurate map, in which 
declination is aUowed for, it is necessary to secure the mag- 
netic variation for the area to be mapped and then correct 
at each point where a reading is taken. This is the only 
adjustment necessary in usii^ the Brunton and is best done 
as follows: Sight along some true north-south line as though 
reading a horizontal angle; then by tumii^ the little adjust- 
ment screw on the side near the mirror, the compass circle 
may be rotated, either to the right or left, until the zero of 
the circle is exactly under the tip of the needle when thus 
sighted. The instrument is then adjusted for magnetic 
declination for the r^ion in which the observation was taken 
and no correction is required when takii^ horizontal angles 
in the field. 

The Aneroid Barometer. The aneroid is used by the field 
geologist for obtaining elevations when it is not desired to 
secure such accurate results as those given by the use of the 
telescopic alidade, or when it is desired to make a rapid 
survey of the area, and in the hands of a skilled operator 
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this instrument has proved very accurate. There are sev- 
eral types of field aneroids, the most common of which is 
shown in F^. 34. 

In reading elevations with 
the barometer great care must 
be used to check frequently 
upon a bench mark, especially 
on days when the pressure con- 
ditions fluctuate rapidly. As a 
further check it is well to take 
readings on road and section 
comers, or other prominent 
points, where some later trav- 
erse will furnish a check on the 



Fia. 34. — Aneroid Barometei". 
(Courtesy of Keufiet & Eeser 
Co.) 




By observing the following 
set of rules, and keeping a clear 
and concise set of notes made 
at the time of the readings, the 
aneroid may safely be used for 
securing elevations, and a reasonable degree of accuracy be 
expected, 

RniiSS FOR THE Use op the Aneroid. — 1. Keep the in- 
strument as near a uniform temperature as possible, since 
changes in temperature will cause fluctuations of the needle. 
Do not carry the aneroid first in one pocket and then in 
another; have one place for that purpose and keep the 
barometer there when not taking readings. 

2. Avoid all unnecessary jolts, as they tend to injure the 
delicate mechanism of the instrument. 

3. When reading elevations always hold the barometer 
with the dial horizontal and raise and lower the instrument 
about 3 feet, two or three times before reading. Thia will 
insure the needle being loosened and yet not jar the 
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more sensitive parte, as tappii^ the instrument is liable 
to do. 

4. Keep a clear and concise set of notes and always record 
the time at which the reading was taken, for this is as im- 
portant as the elevation reading. The following form for 
keeping notes has been foimd very satisfactory in many 
cases; 

ANEROID NOTES 



Station 


Blading 


Time 


Coi- 
rectkm 


Eleva- 
tion 


Remarks 


B.M. A 


1000 


9K)0 A.M. 




1000 


N.W.cor.sec. 16 


I 


1026 


9:15 A.M. 


_ 3' 


1023 


Elgin S.S. 


2 


1032 


920 A.M. 


- 4' 


1028 


Oread L.S. 


3 


1040 


9:50 A.M. 


-10- 


1030 


OilweU 


B.M. B 


1000 


10:00 A.M. 


-12' 


1048 


S.E. cor. see. 16 



From the above notes it is seen that after carrying ele- 
vations for one hour and then checking to B.M. B the 
aneroid reads 1060 feet, while the correct elevation at that 
point is 1048, making a total variation of 12 feet, or 1 foot 
for every 5 minutes. It is therefore necessary to subtract 
1 foot for each 5 minutes after the first reading, and this is 
made from the readings in column 2 to give the correct 
elevations as shown in column 5. 

Adjustments OF the Aneroid. — TTie adjustments of the 
barometer are too deUcate to be made by the layman, and 
it is therefore best to send the instrument back to the factory 
when in need of adjustment. 

The Stadia Hand Level. The hand level (Fig. 35) is a 
small, compact instrument chiefly used for carrying eleva- 
I ■ .,L.oo<;k- 
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tions or determining wheUier a rock outcrop is dipping or not. 
It is, in a way, a modification of the telescopic alidade or 
transit in that it can be mounted on a tripod and used for 
carrying levels in regions where the slopes are not too steep 
for level shots. This instnunent is often used by geologists 




FiQ. 35.— Stadia handlevel. (Courtesy of Keuffel A Esser Co.) 



for rapid traverse work, where only elevations are desired, 
in which case the method of using is illustrated in Fig. 36. 
The elevation of A is known and it is desired to determine 
the elevation of point B. By sighting through the hand 
level from A to B it is foimd that B is lower than A, and by 



Fia. 36. — Method of carrying elevations with a stadia handlevel. 



going down the slope at A and s^htir^ at intervals on B a 
place is found where the eye is exactly on a level with that 
point. Then by turning the head and sighting throng the 
level at the slope directly behind the operator a point is 
located which is hkewise level with B. Walking up to this 
point and standing erect over it determine the next location 
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up the slope that is level with the eye. By moving up to 
that and repeating the operation until the middle hair of 
the instrument comes just below or above point A the 
observer will have a certain number of intervals. Each 
of these intervals will be equal to the difference in elevation 
represented by the height from the observer's eye to the 
soles of the feet, and this distance when multiphed by the 
number of intervals ± the overlap at A will be the vertical 
distance that B is below A. Thus if the observer secures 
four intervals, each of which is equal to 5.3 feet, and finds 
that in the fourth interval the middle hair of the instrument, 
when held level, is 2 feet above point A, then the difference 
in elevation is 19.2 feet; (4x5.3 feet)— 2 feet, the distance 
that B is below A. 

Having ascertained the elevation of point B with refer- 
ence to that of ^ it is then possible to go to B and in like 
manner determine the elevation of some other location, 
and by rei)eating this operation at successive points a very 
satisfactory Une of elevations may be carried. This method 
of securing elevations is in general more accurate than the 
method of using the aneroid, and has the greater advantage 
in that it can be used on days when the aneroid will fluctuate 
too much for accurate work. The disadvantage of thb 
method is that it can be used most successfully only in open 
coxmtry where the outcrops show up well, or where objects 
can be seen for some distance. 

Adjustment of the Level, — In using the stadia hand- 
level there is in general but one adjustment that will be 
found necessary, that of keeping the bubble uniform, and 
this adjustment is easily accomphshed by the use of two 
pegs as illustrated in Fig. 37, When the instrument is 
leveled at A, drive a small peg in object B at the point 
where the middle hair intersects it and also mark the posi- 
tion of the center of the instrument at A. Then by leveling 
I ■ .,L.oo<;k- 
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the tube of the matrument at B and sighting back to ^, if 
the instniment is in correct adjustment the middle hair 
should intersect point A at the exact position formerly 
occupied by the center of the instrument. 

When found necessary to adjust the bubble after testing 



^^- 



^Jl 



iiZ_ 



Fig. 37.— Manner of adjuating stadia bubble by use of two pegs (A A B). 

in this manner it may be done by a few turns of the adjust- 
ii^ screw (X) and moving of the wedge (F) either forward or 
back as found necessary until the bubble is in adjustment. 

If the stadia wires require adjustment the method de- 
scribed on page 67 should be used. 



Dir I z=f 1„ Google 



CHAPTER V 
USEFUL TABLES AND MERIDIAN DETERMINATION 

Detenninadon of Meridian by Equal Altitudes of flie 
Sun. — In accurate field mappii^ it is necessary that the maps 
show true direction and not merely m^;netic. In order to 
do this it is necessary to establish a true meridian line, if 
one is not already given in the area. 

Doubtless it will soon occur to anyone that if we have a 




Fig. 38. — Showing sun's daily oourae tmd & few important points in the 
celestial sphere. (After Harris.) 

line of sight to the sun in early morning and another in the 
late afternoon when the sun is at an altitude equal to that 
in the morning, it would be but a simple matter to bisect 
the angle between these two lines of sight and thus secure a 
true meridian. This is in general the method used but, due 
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to the fa«t that the sun is constantly changing in declina- 
tion, there are correction factors to be applied. 

In Fig. 38 is shown the path of the sun in early spring- 
time. The declination is — , or south, but is decreasing as 
the path shows. If, on March 21, the sun rose exactly in 
the east, it would be several minut«s above the Celestial 
Equator before noon; and in the afternoon, still more. 
Hence the necessity of modifying the observations as de- 
scribed above. 

If the sun is moving toward the Celestial Equator, as 
shown in Fig. 38, it is obvious that the line of sight in the 
afternoon would be farther to the right from due south than 
in the morning. Therefore a mere bisection of the angle 
between the two does not establish a true meridian, unless 
correction be applied as follows: First find the sun's hourly 
change in declination (Table I); multiply this by the num- 
ber of hours elapsed between the equal altitude morning 
and afternoon observations; divide this result by the prod- 
uct of the sine latitude and sine hour angles (one-half the 
time elapsed between the morning and afternoon observa- 
tions, reduced to arc); the result will be the amount the 
afternoon observation must be moved to the left before 
bisecting the angle. If, for example, observations are taken 
on September 15, Lat. 42° 27' N., at approximately 9 a. m. 
and 3 p. m,, or times of equal altitude, which way and how 
far must one observation be moved in order that the line 
bisecting the angle between the two shall be a true meridian? 

Here the sun's hourly change in declination is (Table I), 



— 58"X6 (No. hrs, between observations) = —5.8'; 
one-half No. of hrs. reduced to arc (Table II) is 45"; 
cos. lat. (42° 27') is equal to .738; 
sin 45°= .707, 
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hence 

COB lat. X sin (one-half tune reduced to arc) = ,522 
-5.8 -=-.522=11.1' Ans. 

Since the change in decUnation is minus, it is obvious that 
the western observation is too far to the left, or south, and 
accordii^y mxist, in this instfwce, be moved 11.1' northerly, 
or to the right. 

In the takii^ of these observations there are two methods 
that may be used: First, after reading the observation on the 
6cun, depress the telescope and set a stake directly in the 
Une of sight, then secure the true meridian by moving one 
stake the correct amount and bisectii^ between the two. 
The other method is to use any distant well-defined ter- 
reetial object as a point of reference for measuring horizontal 
angles, or fixing the sun's azimuth at any given time. This 
point had beat be chosen, in the northern hemisphere, to 
the left of the morning position of the sun. 

If the sun's azimuth from the fixed point for the morning 
observation is a, and for the corrected afternoon observation 
is b; then ^{a+b) will be the angle to lay o£E from the point 
of reference to the meridian. 

In the use of this method for meridian determination no 
observer should limit himself to one observation in the 
morning and one in the afternoon, but should make at least 
four separate sets — 'two with the telescope direct, and two 



Determination (tf Meridian by Polaris. — It can easily be 
seen that were it possible to set a stake in the horizon, under 
Polaris at eastern and western elongation, and then bisect 
the angle between them, a correct meridian could be secured 
at once. But Polaris is rarely visible at both elongations 
during the same twenty-four hours, so some method must be 
employed tautiUse observations made at one elongation only. 
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The farther one goes north frona the equator the greater 
will be the horizontal angle between the bases of perpendieu- 
2 lars passing through Polaris at 

elongations. In Fig. 39, Z repre- 
sents the zenith {a function of lati- 
tude); P represents tiie pole, while 
E and W show east and west elonga- 
tions of Polaris, and E' and W show 
the east and west elongation points 
on the horizon. 

The relations in the triangle WZP 
are such that 

R sin TTP^-sin PZ = sin WZP, 
or 

ficos 5-^cosi^=sin (zenith angle) Z, 
or 

10-|-log cos 5— log cos ^=log sin Z. 

As an example of this method of 

meridian determination, note in 

Nautical Almanac, decl. Polaris, 

Fio. 39,— Showing diumal October 20, 1904, was 88° 47.9'. If 

motion of Polaris and a perpendicular line be dropped at 

positions at elongations, western elongation, W, to the hori- 

(AfterHams.) . im l r ^ r j 

zon at W , how far west of due 

north, A^', is W"! First if latitude 29° N ; second 42" 27' N ; 
and third 65° N. 

Log cos 88° 47.9'= 8.32163 

R=10. 00000 

Sum = 18.32163 

-lc« cos 29°= 9.94182 

Difterence= 8.37981 = log sin 1' 22.4' 
For Lat. 42° 27' = 1°37.4' 

ForLat. 65° = 2" 50.4' 
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Id the detenuiiiation of meridian by observations on 
Polaris thei^ are two things that must be known — the lati- 
tude and the declination, or Polar distance of Polaris, The 
latitude may generally be scaled off on the map to within 1', 
if one can identify his exact location on the map, and when 
the exact location is not known, the latitude may be deter- 
mined for these observations as described below. The 
declination may be obtained as follows- 

Declination of Polaris. .. .June— July. .. .1914. .. .88° 60.75' 

January. . . .0.5' Ai^ust 0.1' 

February . . . 0.6' September 0.2' 

Other monthB+ March 0.4' October 0.4' 

April 0.V November 0.6' 

May 0.1' December 0.75' 

Annual change +0.3' 



FiQ. 40 — Polaris (in center) at eastern elongation. (After Earrie.) 
As regards observations on Polaris, it is well to bear in 
mind that one must await a time when the E. and W. points 
in the horizon and S, Polajis, and 8 he in one great circle; 
or when S Cassiopeia ajid 8 Ursa Major have approximately 
the same altitude as shown in F^. 40. For it is then that 
Polaris is in a correct position for elongation observations. 
During the evening, in the fall, the eloi^ation {Fig, 40) is at 
a convenient tune for observing; in the sprii^ the west 
eloi^^tion is most conveniently observed. To secure 
I ■ .,L.i)0''k- 
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apparent relatione for western elongation hold Fig. 40 
upside down. 

Latitude Determination. — When it become necessary 
to have correct latitude and it cannot be secured from a 
map it may be reckoned from a circumpolar star. It can 
easily be seen that in Fig. 40 the angular measurement of 
P-P' gives latitude. Since, however, there is nothing at P 
upon which to sight, the height of Polaris is taken, at either 
upper or lower culmination, and the polar distance sub- 
tracted or added. The result, after subtracting refraction, 
gives the latitude of the place of observation. Thu?, if on 
November 1, 1914, the apparent altitude of Polaris was 
47° 21.5', the latitude of the station of observation is deter- 
mined as follows : 

Apparent altitude 47° 21.5' 

Retraction (Table IV) 9' 

True altitude 47° 20.6' 

Decl. (see page 81) is 88° 51.3'. 

/. Polar distance 1° 8.7' (90°-88° 51,3') 

Latitude 46° 11.9' 

Thus the meridian and latitude may be determined for 
any area in which it is desired to do very accurate work, and 
where neither is known. For the purpose of making such 
observations as have been described a small transit is neces- 
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Conversion of Time into Abc • 
Hours ol Time into Arc 



Time 


A,, 


Time 


Are 


Time 


Are Time 


Are 


Time 


A,. 


Time 


Aro 


kri. 


60 


hrs. 
« 


7S 
90 


t 


136 U 

180 IB 


196 

240 


hrs. 

11 

10 


1 


*r.. 
11 


i| 


Minutes of Time into A™ 




m. 




m. 




m. 




.. 


,„ 


B. 


... 


.. 


,„ 


9 
12 

■ 

e 

! 


30 

3 

3 4S 

4 30 


1 

SO 

i 
If 

i 


Vi 

8 45 

9 30 
9 4i 


IB 

4« 

49 
iO 

52 

M 

S9 
M 


10 45 

11 

11 30 
2 4S 

li 

13 45 


9 

13 

S 

9 
10 


I 30 
3 16 

Vi 


11 

1! 

3S 


m 

8 45 

30 

9 45 


41 

44 

47 

M 

53 
■B 

1 

(0 


10 IS 

11 

11 

12 30 

si 
M 

15 









Becond 


ot-Hm 


into Are 


















































o( Time 




































































































































.40 
























7 50 


7 85 




7 96 
















































































.90 


U.W 




U.8U 














14,85 


■ O. S. G 


S. B 


ull. N 


0. 850 


0«.e 




Tabl« 


uldF 


ormulu 


p, 12 





84 USEFUL TABLES— MERIDIAN DETERMINATION 






nnnndnnnn 



fr^i3^SiShtS^ 






[ OF ARC INTO TIME 



"HESgSEriSg 



..L.ooylc 



86 USEFUL TABLES— MERIDIAN DETERMINATION 



TABLE IV 
Meaj< Rbfraciton I 



Aot«- 




App«- 

Utitude 


Refnwtion 


Api«r- 


HetrMtion 


00 


34 54.1 


Z 

ioc 

86 
64 

1! 

37 
36 

30 

2{ 
34 
23 
21 

IS 

la 

16 
12 


60 
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MEAN REFRACTION 
TABLE TV—Ccmiinued 
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[Difference in leet betwe 



TABLE V 
B CwBVATDRB AMD RxFRAcnoH, IN PmKT= 9.674 
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451.1 


63.1 


388.0 


59 


2322.7 


325.2 


1997.5 


27 


486.4 


68.1 


418.3 


60 


2402.1 


336.3 


2065.8 


28 


523.1 


73.2 


449.9 


61 


2482.8 


347,6 


2135.2 


29 


561.2 


78.6 


482. 6 


62 


2564.9 


359-1 


2205.8 


30 


600.5 


84.1 


516.4 


63 


2648.3 


370-8 


2277.5 


31 


641.2 


89.8 


551.4 


64 


2733.0 


382-6 


2350.4 


32' 


683.3 


95.7 


587.6 


65 


2819.1 


394.7 


2424.4 


33 


726.6 


101.7 


624,9 


66 


2906.5 


406,9 


2499.6 



S. G. B. Bull No. eSO, Geographic Tables and Formulas, ptge 335. 



METER CONVERSION 



TABLE VI 

EQUivAUiNTa: Meters— Feet 



.00 


.30 


.60 


.00 


Meters 


Feet 


Meters 


Feet 


Meters 


Feet 


Meters 


Feet 


0.00 


0.00 


0.30 


0.98 


0.60 


1.97 


0,00 


2.95 


0.01 


0.03 


0.31 


1.02' 


0.61 


2,00 


0.01 


2.98 


0.02 


0.07 


0.32 


1.05 


0.62 


2.03 


0.92 


3.02 


0.03 


0.10 


0,33 


1.08 


0.63 


2.07 


0.93 


■3,06 


0.04 


0,13 


0,34 


1.12 


0,64 


2,10 


0.94 


3.08 


0.05 


0.16 


0.35 


1.15 


0.66 


2.13 


0.95 


3.12 


0.06 


0,20 


36 


1.18 


0.66 


2.17 


0,96 


3.15 


0.07 


0.23 


0,37 


1.21 


0.67 


2.20 


0.97 


3.18 


0-08 


0,26 


0,38 


1.25 


0.68 


2.23 


0.98 


3 22 


0.09 


0.30 


0.39 


1,28 


0.69 


2.26 


0.99 


3.25 


0.10 


0.33 


0.40 


1.31 


0.70 


2.30 


1.00 


3.28 


0.11 


0.36 


0.41 


1.35 


0.71 


2.33 


1.01 


3.31 


0.12 


0.39 


0.42 


1.38 


0,72 


2,36 


1.02 


3.36 


0,13 


0,43 


43 


1.41 


0.73 


2 39 


1.03 


3,38 


0.14 


0.46 


0.44 


1.44 


0.74 


2 43 


1.04 


3.41 


0.15 


0.40 


0,45 


1.48 


0.76 


2,46 


1.05 


3.45 


0,16 


0.53 


0.46 


1,51 


0.76 


2.49 


1.06 


3.48 


0.17 


0.56 


0.47 


1.54 


0.77 


2.53 


1.07 


3,61 


0.18 


0.59 


0.48 


1.57 


0.78 


2.56 


1.08 


3.54 


0.10 


0.62 


0.40 


1.61 


0.79 


2.59 


1,09 


3.58 


0.20 


0.66 


0.50 


1.64 


0.80 


2.62 


1.10 


3.61 


0.21 


0.89 


0,51 


1.67 


0,81 


2,66 


1-11 


3.64 


0.22 


0.72 


0.52 


1.71 


0,82 


2.69 


1.12 


3.68 


0.23 


0.75 


0.53 


1.74 


0.83 


2.72 


1,13 


3.71 


0.24 


0,70 


0-64 


1.77 


0.84 


2.76 


1.14 


3.74 


0,26 


0.82 


0.55 


1.80 


0.86 


2,79 


1.15 


3,77 


0.26 


0.85 


0.56 


1.84 


0.86 


2.82 


1.16 


3.81 


0.27 


0.89 


0.57 


1.87 


0.87 


2.85 


1.17 


3.84 


0.28 


0.92 


0.58 


1-90 


0.88 


2.80 


1.18 


3.87 


0,29 


0,95 


0.59 


1.04 


0-89 


2,92 


1.19 


3.90 
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TABLE Vl—Ctmiinwd 



.. 1 


1.62 


1.81 


2,16 


Meters 


Feet Me 


tere 


Feet 


Metera 


Feet 


Metera 


Feet 


1.20 


3.94 I 


62 


4.99 


1,84 


6,04 


J, 16 


7,09 




21 


3.97 I 


63 


6.02 


1,85 


6,07 


2,17 


7.12 




22 


4.00 1 


64 


6.05 


1.86 


6,10 


2,18 


7.16 




23 


4.03 1 


55 


fi.08 


1.87 


6.14 


2,10 


7.19 




24 


4.07 1 


56 


5.12 


1.88 


6.17 


2,20 


7.22 




25 


4.10 1 


57 


5.15 


1.89 


6.20 


2.21 


7,26 




26 


4.13 1 


68 


6.18 


1,90 


6.23 


2.22 


7,28 




27 


4.17 1 


59 


6.22 


1.91 


6.27 


2,23 


732 




28 


4.20 1 


60 


6.25 


1.92 


6.30 


2,24 


7,35 




29 


4.23 1 


61 


6.28 


1,93 


6,33 


2.25 


7,38 




30 


4.27 1 


62 


5.32 


1.94 


6,37 


2,26 


7,41 




31 


4,30 1 


63 


6.35 


1.95 


6,40 


2,27 


7.45 




32 


4.33 1 


64 


6,38 


1,96 


6,43 


2,28 


7.48 




33 


4.36 1 


65 


5.41 


1,97 


6,46 


2,29 


7.61 




34 


4.40 1 


66 


5.45 


1,98 


6,50 


2,30 


7,66 




35 


4.43 1 


67 


6.48 


1,99 


6,53 


2,31 


7.58 




36 


4.46 1 


68 


5.51 


2,00 


6.56 


2,32 


7.61 




37 


4.50 I 


69 


6.64 


2,01 


6,89 


2 33 


7,65 




38 


4.53 t 


70 


6.68 


2,02 


6.63 


2,34 


7,68 




39 


4.66 1 


71 


6.61 


2,03 


6.66 


2,36 


7.71 




40 


4.59 1 


72 


5.64 


2.04 


6.69 


2,36 


7,74 




41 


4.63 1 


73 


5.68 


2.05 


6.72 


2,37 


7.78 




42 


4.66 1 


74 


5.71 


2,06 


6,76 


2,38 


7,81 




43 


4.69 1 


75 


6.74 


2,07 


6,79 


2,39 


7,84 




44 


4.72 1 


76 


5.77 


2,08 


6.82 


2 40 


7.87 




45 


4.76 1 


77 


6.81 


2,09 


6.86 


2.41 


7,91 




46 


4.79 1 


78 


5,84 


2,10 


6.89 


2,42 


7.94 




47 


4,82 1 


79 


5.87 


2,11 


6,92 


2.43 


7,97 




48 


4.86 1 


80 


5,91 


2,12 


6,97 


2,44 


8,01 




49 


4.89 1 


81 


5,94 


2,13 


6,99 


2.46 


8.04 




50 


4.92 1 


82 


5 97 


2.14 


7.02 


2 46 


8.07 




51 


4.65 1 


83 


6,00 


2,15 


7,06 


2.47 


8 10 



METER CONVEBSION 
TABLE Vl—ConHnued 



2.48 


2 


80 


3 


12 


3 


44 


Meters 


Feet 


Meters 


Feet 


Meters 


Feet 


Meters 


Feet 


2.48 


8.14 


2.80 


9.19 


3.12 


10.24 


3.44 


11.29 


2.40 


8 


17 


2.81 


9.22 


3.13 


10.27 


3.45 


11.32 


2.«) 


8 


20 


2.82 


9.25 


3.14 


10,30 


3,46 


11,35 


2.61 


8 


24 


2.83 


9.29 


3.16 


10.33 


3.47 


11.39 


2.62 


S 


27 


2.84 


9,32 


3.16 


10,37 


3.48 


11.42 


2.53 


-8 


30 


2,85 


9.35 


3 17 


10.40 


3.49 


11.45 


2.54 


8 


33 


2.86 


9.39 


3.18 


10-43 


3.50 


11.48 


2.55 


8 


37 


2.87 


9.42 


3.19 


10.47 


3.51 


11.52 


2.56 


8 


40 


2.8S 


9.45 


3.20 


10.50 


3.52 


11,55 


2.57 


8 


43 


2.89 


9,48 


3,21 


10,53 


3,53 


11,58 


2.58 


8 


46 


2.90 


9.61 


3,22 


10-66 


3.54 


11.61 


2.59 


8 


50 


2.91 


9,55 


3.23 


10.60 


3.55 


11.65 


2.60 


8 


53 


2.92 


9.58 


3.24 


10-63 


3.56 


11.68 


2.61 


5 


56 


2 93 


9.61 


3.25 


10.66 


3.57 


11.71 


2.62 


8 


60 


2,94 


9.65 


3.26 


10,70 


3.58 


11.75 


2.63 


8 


63 


2.95 


9,68 


3,27 


10.73 


3.59 


11.78 


2.04 


8 


66 


2 96 


9.71 


3.28 


10,76 


3.60 


11.81 


2,65 


8 


69 


297 


9.75 


3.29 


10.79 


3.61 


11.84 


2.66 


8 


73 


2.98 


9.78 


3.30 


10.83 


3.62 


11.88 


2.67 


8 


76 


2.99 


9.81 


3.31 


10,86 


3.63 


11 91 


2.68 


8 


79 


3,00 


9.84 


3.32 


10.89 


3.64 


11.94 


2.69 


8 


83 


3 01 


9 88 


3 33 


10 93 


3.65 


11.98 


2.70 


8 


86 


3.02 


9.91 


3.34 


10.96 


3.66 


12.01 


2.71 


8 


89 


3.03 


9.94 


3.35 


10.99 


3,67 


12.04 


2.72 


8 


92 


3,04 


9.97 


3,36 


11,02 


3-68 


12.07 


2.73 


8 


96 


3.05 


10-01 


3.37 


11.06 


3.69 


12.11 


2.74 


8 


99 


3.06 


10.04 


3.38 


11.09 


3.70 


12.14 


2.75 


9 


02 


3.07 


10,07 


3.39 


11.12 


3.71 


12,17 


2.76 


9 


05 


3.08 


10,11 


3.40 


11.16 


3.72 


12.20 


2.77 


9 


09 


3.09 


10,14 


3.41 


11.19 


3,73 


12.24 


2.78 


9 


12 


3.10 


10,17 


3-42 


11,22 


3.74 


12.27 


2.79 


9 


15 


3.11 


10 ,.20 


3.43 


11-25 







92 USEFUL TABLES— MERIDIAN DETERMINATION 
TABLE Yl—ConUnued 



3,76 


3 


89 


4.03 


4-17 


Meters 


Feet 


Meters 


Feet 


Meters 


Feet 


Meters 


Feet 


375 


12.30 


3.88 


12.73 


4.01 


13,16 


4.14 


13,58 


3.76 


12.34 


3 89 


12.76 


4.02 


13,19 


4.15 


13.62 


3.77 


12.37 


3,90 


12.80 


4.03 


13,22 


4.16 


13 65 


3.78 


12.40 


3,91 


12.83 


4.04 


13,26 


4.17 


13.68 


3 79 


12.43 


3,92 


12.86 


4.05 


13.29 


4.18 


13.71 


3.80 


12.47 


3,93 


12.89 


4.06 


13,32 


4,19 


13.75 


3.81 


12,50 


3,94 


12 93 


4.07 


13,35 


4,20 


13,78 


3.82 


12.53 


3 95 


12.96 


4.08 


13,39 


4.21 


13,81 


3.83 


12.57 


3,96 


12-99 


4.09 


13-42 


4.22 


13.85 


3.84 


12.60 


3,97 


13.02 


4.10 


13.45 


4.23 


13.88 


3.85 


12,63 


3,98 


13.06 


4,11 


13.48 


4.24 


13.91 


3,86 


12,66 


3,99 


13. 09 


4,12 


13.52 


4.25 


13.94 


3.87 


12,70 


4,00 


13.12 


4,13 


13,55 


4.26 


13.98 
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BOD CONVERSION 



TABLE VII 
Ndmbeb of Rods in Fbbt and Inches 



Boda 


Feet 


Inches 


Rods 


Feet 


Inches 


Rods 


Feet 


Inches 


1 


16 


6 


35 


sn 


6 


"68^ 


1122 





2 


33 





36 


504 





69 


1138 


6 


3 


49 


6 


37 


610 


6 


70 


1155 





4 


96 





38 


627 





71 


1171 


6 


6 


82 


9 


39 


643 


6 


72 


1188 





6 


99 





40 


660 





73 


1204 


6 


7 


115 


6 


41 


676 


6 


74 


1221 





8 


132 





42 


693 





75 


1237 


6 


9 


14S 


6 


43 


709 


6 


76 


1254 





10 


166 





44 


726 





77 


1270 


6 


U 


181 


6 


45 


742 


6 


78 


1287 





X2 


198 





46 


759 





79 


1303 


6 


13 


214 


6 


47 


776 


6 


80 


1320 





14 


231 





48 


792 





81 


1336 


6 


IS 


247 


6 


49 


808 


6 


82 


1353 





16 


264 





50 


825 





83 


1369 


6 


17 


280 


6 


61 


841 


6 


84 


1386 





18 


297 





62 


858 





85 


1402 


6 


19 


313 


6 


63 


874 


6 


86 


1419 





20 


330 





64 


891 





87 


1435 


6 


21 


346 


6 


55 


907 


6 


88 


1452 





22 


363 





56 


924 





89 


1468 


6 


23 


379 


6 


57 


940 


6 


90 


1485 





24 


396 





58 


957 





91 


1501 


6 


25 


412 


6 


59 


978 


6 


92 


1518 





26 


429 





60 


990 





93 


1534 


6 


27 


446 


6 


61 


1006 


6 


94 


1561 





28 


462 





62 


1023 





95 


1567 


6 


29 


478 


6 


63 


1039 


6 


96 


1584 





30 


496 





64 


1056 





97 


1600 


6 


31 


511 


6 


65 


1072 


6 


98 


1617 





32 


528 





66 


1089 





99 


1633 


6 


33 


544 


6 


67 


1105 


6 


100 


1650 





34 


561 
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TABLE VIII 
Ndmbeb of Linss in Feet and Inchss 



links 


Feet 


Inches 


Unlia 


Feet 


Inches 


Links 


Feet 


Inches 


1 





7.92 


35 


23 


1.20 


68 


44 


10.66 


2 


1 


3.84 


36 


23 


9.12 


69 


45 


6.48 


3 


1 


11.76 


37 


24 


5.04 


70 


46 


2.40 


4 


2 


7.68 


38 


25 


0.96 


71 


46 


10.32 


fi 


3 


3.60 


39 


26 


8.88 


72 


47 


6,24 


6 


3 


11.52 


40 


26 


4.80 


73 


48 


2,16 


7 


4 


7,44 


41 


27 


0,72 


74 


48 


10.08 


8 


5 


3-36 


42 


27 


8-64 


75 


49 


6,00 


9 


5 


11.28 


43 


28 


4-56 


76 


50 


1-92 


10 


6 


7-20 


44 


29 


0.48 


77 


60 


9-84 


11 


7 


3.12 


45 


29 


8.40 


78 


61 


5-76 


12 


7 


11,04 


46 


30 


4.32 


J9 


62 


1.68 


13 


8 


6,96 


47 


31 


0.24 


80 


52 


9,60 


14 


9 


2,88 


48 


31 


8.16 


81 


53 


6,62 


15 


9 


10-80 


49 


32 


4.08 


82 


54 


1.44 


16 


10 


6,72 


50 


33 


0,00 


83 


54 


9,36 


17 


11 


2-64 


51 


33 


7.92 


84 


55 


6.28 


18 


11 


10.56 


52 


34 


3.84 


85 


56 


1.20 


19 


12 


6,48 


53 


34 


11.76 


86 


66 


9.12 


20 


13 


2,40 


54 


35 


7.68 


87 


57 


5,04 


21 


13 


10-32 


55 


36 


3,60 


88 


58 


0,96 


22 


14 


6,24 


56 


36 


11.52 


89 


58 


8.88 


23 


15 


2,16 


57 


37 


7.44 


90 


59 


4.80 


24 


15 


10.08 


58 


38 


3.36 


91 


60 


0.72 


25 


16 


6-00 


59 


38 


11.28 


92 


60 


8,64 


26 


17 


1.92 


60 


39 


7,20 


93 


61 


4,56 


27 


17 


9,84 


61 


40 


3,12 


94 


62 


0,48 


28 


18 


5.76 


62 


40 


11.04 


96 


62 


8.40 


29 


19 


1.68 


63 


41 


6,96 


96 


63 


4.32 


30 


19 


9.60 


64 


42 


2-88 


97 


64 


0.24 


31 


20 


5.52 


65 


42 


10 80 


98 


64 


8.16 


32 


21 


1-44 


66 


43 


6,72 


09 


65 


4.08 


33 


21 


9.36 


67 


44 


2,64 


100 


66 


0.00 


34 


22 


5.28 















SOLUTION OF RIGHT TRIANGLES 

TABLE JX 
SoLtiTtOH OF RiGBT Trianoias 



G.™ 


Required 


Fonnulte 






B=90'-A 




a, A 


B, b,c 


6-acot A 








c-acacA 


E 








A=90'-B 




\. 


a, B 


A.b,C 


6=otaiiB 
c-aaecB 

B^90'-A 
a'-cainA 


■ 


\- \. 


e, A 


B, 0,6 


C 6 A 






b-cmsA 








B-90'-A. 


TwiA=g. TanB=^ 


a, b 


A,B, e 


c=<^i+bi 
e=a<xtiA 

8inA=? 




a, c 


A, B, b 


e 

b~acotA 
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TABLE X 
Stadia Convebsion Table 





0° 


1° 


2= 


3° 


i' 


5" 


6° 


7= 


8° 





,00 


1.74 


3,49 


5,23 


6,96 


8,68 


10.40 


12-10 


13,78 


2 


.06 


1,80 


3,65 


5.28 


7,02 


8.74 


10.46 


12-16 


13,84 


4 


.12 


1.86 


3,60 


5.34 


7,07 


8,80 


10.51 


12,21 


13,89 


- 6 


.17 


1,92 


3,66 


5.40 


7,13 


8,85 


10.57 


12,26 


13,95 


8 


.23 


1 98 


3,72 


5.46 


7,19 


8.91 


10.62 


12,32 


14.01 


10 


.20 


2,04 


3.78 


5.52 


7.25 


8.97 


10.68 


12,38 


14,06 


12 


35 


2.09 


3.84 


5.57 


7.30 


9.03 


10,74 


12.43 


14-12 


14 


.41 


2,15 


3.90 


5,63 


7,36 


9.08 


10,79 


12.49 


14,17 


16 


.47 


2,21 


3 95 


5.69 


7.42 


9.14 


10,85 


12.65 


14,23 


18 


.52 


2,27 


4,01 


5.75 


7.48 


9.20 


10,91 


12.60 


14,28 


20 


.58 


2,33 


4.07 


5.80 


7.63 


9.25 


10,96 


12.66 


14,34 


22 


.64 


2,38 


4,13 


5.86 


7.59 


9.31 


11,02 


12.72 


14,40 


24 


.70 


2,44 


4,18 


5.92 


7.65 


9.37 


11,08 


12.77 


14,45 


26 


.76 


2,50 


4,24 


5.98 


7.71 


9.43 


11,13 


12,83 


14.51 


28 


.81 


2.56 


4,30 


6.04 


7,76 


9,48 


11,19 


12,88 


14.56 


30 


,87 


2,62 


4.36 


6.09 


7.82 


9.64 


11,26 


12.94 


14.62 


32 


,93 


2,67 


4-42 


6 15 


7.88 


9,60 


11.30 


13,00 


14.67 


34 


.99 


2.73 


4.48 


6,21 


7,94 


9-66 


11.36 


13,05 


14.73 


36 


1.05 


2.79 


4.53 


6,27 


7.99 


9.71 


11.42 


13,11 


14.79 


38 


1.11 


2,85 


4.59 


6,33 


8.05 


9.77 


11.47 


13,17 


14.84 


40 


1,16 


2.91 


4.65 


6,38 


8.11 


9.83 


11.53 


13,22 


14,90 


42 


1,22 


2,97 


4.71 


6,44 


8,17 


9.88 


11-59 


13,28 


14,96 


44 


1.28 


3,02 


4.76 


6.50 


8.22 


9.94 


11,64 


13,33 


15,01 


4S 


1,34 


3,08 


4.82 


6,56 


8,28 


10.00 


11.70 


13,39 


15,06 


48 


1,40 


3,14 


4.88 


6,61 


8.34 


10.06 


11,76 


13,45 


15,12 


50 


1.45 


3.20 


4.94 


8.67 


8,40 


10,11 


11,81 


13,50 


15.17 


52 


1.51 


3.26 


4.99 


6.73 


8,45 


10.17 


11,87 


13 56 


15,23 


54 


1,57 


3,31 


5.05 


6.78 


8.51 


10.22 


11,93 


13,61 


16.28 


56 


1,63 


3,37 


5.11 


6.84 


8.57 


10.28 


11,98 


13,67 


15.34 


58 


1,69 


3.43 


5.17 


6.90 


8,63 


10.34 


12.04 


13,73 


16.40 


60 


1,74 


3,49 


5.23 


6,96 


8.68 


10.40 


12,10 


13,78 


15.45 
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TABLE XI 

"This is the moat generally useful stadia table for rods reading 
1 foot to the 100 feet and with angles up to 30°, The values of other 
measures than those given in the table are obtained by multiplying 
the quantities imder the proper vertical angle by stadia readings 
in hundreds of units. The quantity representing the focal distance 
is very small and is given at the bottom of each page for focal lengths 
between } and 1^ feet and is represented as a constant equal to c. 
For ordinary work it is not necessary to take the latter into account. 
The direct use of the table involves a multiplication for each result 
obtained. 

"ExampU. — Let rod intercept be 3.25 feet, and the angle of inclina- 
tion be 5° 35'. Then the distance on the horizontal would be 

(i- 325 feet. 

■ "It we accept the focal distance /+c as 1.25 feet, we have from the 

d'-3.25 feetX99.05+1.24 -323.15 feet, 

fi=3.25 feet X 9.68+0.11 -31.57 feet. 

"The formulas by which the tables were computed are: 

Horizontal distance=cos' of vertical angleXlOO. 

"Difference of elevation = i sin of twice the vertical angleXlOO." 



D,rlz=fl„ Google 
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TABLE XI— Continued 
Horizontal Distances and Elevations frou Stadia Reasinqs ' 





0. 


1. 


2° 


3- 


MinoMa 


Hori- 

■ODtd 

durt*D« 


Diilei- 
enoeof 

tion 


Hori- 


Diller- 


Hori- 
dutance 


Difler- 

lion 


■ODbJ 

diataniM 


Differ- 

en»at 
eleva- 
tion 



3 

6 
8 

12 

18 
IS 
90 

83 
24 
38 
38 
30 

83 
M 

sn 

40 

42 
M 
16 
48 
50 

63 
64 

68 
60 


100.00 
100 00 

lOO^OO 
100.00 

100.00 

100,00 
100.00 

looioo 

100. oo 

100.00 
100,00 
99.99 

s«.e9 

99.99 

99!ai> 

99.99 

99.99 

99.90 
99-9S 
09.98 
99,98 
99.98 

99.98 
99.98 
99.97 
99.97 
90.97 


0.00 
0,06 

o!i7 

0,23 

0.35 
0.41 

O.BS 

0!70 
0,78 

0,93 

0,99 
1,06 

1.Z3 
1.28 

1^40 
1,4S 

l!57 
1.63 


99.97 
99,07 
99.97 
99.90 
99.96 
99.96 

99.96 
00.95 

99!95 

99;04 

99.03 
99.93 

99 92 
09.92 

99.91 
09,91 
99,90 
90,90 
99,90 

99:89 
99.89 


rso 

l!98 
2 04 

2.li 

2.M 

2.67 
2'.Sb 

3.08 

siao 

3!37 


90 88 
99.87 
99 87 

99^86 
90.86 

99^85 

99,80 

99^79 
09.78 

09.78 
99.77 
99.77 

99!76 

Ob'.Ti 
99,74 
90,73 


3.49 

3.66 

3,72 
3.78 

3,84 
3,00 

4;07 

4!24 
4,30 

4,36 

4.42 
4^59 

4!78 
4,94 

5^11 
5.17 


99.73 
99.72 
99.71 

99.71 
99.70 
99.69 

99.69 
99.68 
99.88 

99,66 

99!64 
99.63 
99.63 

09.82 
99.6a 
90.61 
99,60 
90,69 

99,59 
99,58 
99.57 

99 5} 

99^53 
90,52 


6.23 

5.ZS 

5^40 
6.46 

5.57 

5 SO 

5.75 
. 5.80 

5.98 
6^09 

6.33 
6-38 

8!60 

6.67 

6^78 
6.84 

sioe 


e-O.TS 


0.75 


0.01 


0,TS 


0,02 


0,75 


0.03 


0,7S 


0.06 


c^l.OO 


1,00 


0.01 


1.00 


0.03 


1,00 


0.04 


1,00 


0.06 


c.1.35 


1,38 


0,02 


1.25 


0,03 


1,25 


0.05 


1.25 


0.08 



I V. B. G. B. Bull. No. 650. Geognphic Tiblea and Formulu, pages 363-359. 

I ■ .,L.oo<;lc 



CORRECTIONS FOR STADU READINGS 



TABLE Xl—ConUnvM 
Horizontal Distances and Elevatioms from Stadia READiNaa 





4= 


6= 


«. 


7° 


MiDuta 


diManoe 


Blevs- 


lonlal 
diiUiice 


elev 


Hoci- 

lonwa 

distaQM 


Differ- 

BleVB- 

tion 


Hori- 
kdM 
dinaace 


Difftn- 
tion 


2 

S 
10 

IZ 

14 

20 

22 

24 
26 

32 

30 
38 

42 

60 

M 

S6 

eo 


99.61 

99.48 

99.40 
»g.4fl 

B9'44 
99.43 

99:41 
99.40 

99.38 

99!36 
99.36 

99.33 

99.32 

99:30 
99.29 

99 [27 
99.28 


7:02 

7!l3 
7.19 

7.30 
7.36 

7!48 
7.63 

7!05 
7.71 

7^82 

7.88 

7^99 
8.06 

8.17 
8,22 

,8:34 
8.40 

8^51 
8.67 


99.24 
99.23 

99! 21 
99.20 

99.18 
99.17 

99!l6 
99.14 

99.13 
99,11 

99.10 

09.07 

99^05 
99.04 

99.01 
99.00 

98;98 
98.97 

98 '94 
98,93 
98 92 
98,91 


8^74 
8!S5 

9.03 
9.08 

9[3T 
9.43 

9.60 

9.88 
9.94 

lo^oe 
10.11 

10! 22 

10.28 


98.91 
98.90 

98!86 

98.83 
98.82 

98! 78 

98! 76 
98.74 

98^72 

98-71 

98!68 
98.67 
98. 6S 

98.64 
98.63 

98^60 
98.58 

98! 50 
98.64 


10!4B 
10,51 

10! 02 

10!70 

lo!96 

11! 08 
11.13 

11! 25 

11 30 

11:47 

11.69 

11.64 

11! 81 

ll!93 
11.98 
12,04 


98,51 
08.60 

98!4B 

98,43 
08.41 

98!37 

98!34 
98.33 

08!29 

98.28 
08.27 

98.25 
08.24 

98.20 

08! IB 
08.14 

98.13 
98.11 

98:08 
98.06 


12! 16 
12.21 

12! 32 
12.38 

12.48 
12 49 

12. 5S 

12!66 

12!77 
12.83 
12.88 
12.94 

13.00 
13,06 
13.11 
13.17 

13.28 

13:39 
13.46 
13.50 

13.66 
13.61 
13.67 
13.73 
13.78 


c-0,75 


0.75 


0.06 


0.76 


0.07 


0.76 


0.08 


0,74 


0.10 


c-1.00 


1,00 


0,08 


0-99 


0,09 


0.99 


0,11 


0.90 


0.13 


.-I.2S 


1.26 


0.10 


1.24 


o.n 


1.24 


0.14 


.24 


0,16 
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TABLE XI— Continued 
Horizontal Distances and Elevations fsou Stadia Readings 





8° 


0- 


10° 


11° 


Minntn 


Hori- 


IMiter- 
Buoerf 
elevs- 
tian 


Hori- 

■ODU1 


DiFfer- 
enseof 


Hori- 
•otiUl 


Difler- 

eooeof 
eleva- 
tion 


Hori- 

lontal 
dBUnoe 


Differ- 

eleva- 
tion 


4 
10 

16 

22 

28 
28 
30 

32 
34 
36 
38 

42 
44 

4S 
50 

62 
M 

60 


98 08 
98. OS 
98-0.1 

08.00 

BT,98 

97:95 
97.93 

97,88 

97!86 
B7.83 

B7.80 

97:76 
97.75 
97.73 

97 71 

97.69 

97:66 
97.64 

97.62 
97.61 

97:55 


13.78 
13:89 

14:06 

14:17 
14.23 

14.40 

14: SI 

14.56 

14.67 

14 79 
14.84 

14.95 

15:17 
1S:28 
15:45 


97:52 

S7:46 

97:43 
97.41 

97:31 
97.29 

97.26 

07:20 
07.18 

97:14 

97:10 
07.08 

97:04 
97.02 

9a: 98 


15:56 

15:73 

15:84 
15. B9 

16,06 

16: 17 
16.22 

16.33 

16:50 

16:66 

16:77 
16.83 

16 04 

17,05 

17.10 


96,08 

06:94 

96:90 
96.88 

9e:84 

96.82 

96:78 

96.76 
96.74 
96,72 
96.70 
06.68 

06.66 
96.64 
06.62 
06.60 
06.67 

06.55 
96 B3 

96:49 
96.47 

06:42 

98:36 


17.21 

17:37 

17:48 
17.54 

17:65 
17:81 
17.97 

is: 14 

IS. 19 

18.24 

18.30 

IH 

18:57 

18:68 
18.73 


96:34 
96.32 

96:27 
06.25 

96:21 
96,18 
06.16 
96.14 

06.12 
96.09 
06.07 

96.00 
95.08 
95.08 
96.03 

96.89 

95:82 

05.77 
06.75 

05:68 


18:78 
1S.S4 
18.80 
18.96 
10.00 

10,05 

19.11 

19:27 

1B:38 
10.43 

19:54 

19:70 
10.75 

10.86 

10 06 
20.02 

20 12 

20.18 

20:28 
20 34 


.-0.7S 


0,74 


0,11 


0.74 


0,12 


0,74 


14 


0.73 


0.15 


*-1.00 


0.09 


0.16 


0.09 


0.16 


0.08 


0.18 


0.98 


0.20 


t-1.25 


1.23 


0.18 


1.23. 


0.21 


1.23 


0.23 


1.22 


0.26 
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TABLE XI-H?oTi(jnW;;--..-. ;■• ^= : : '._ 
Horizontal Distances and ELEVATiOMe'iiiOM Stadia Readinos 





12* 


... 




15° 


Minuto. 


Hori- 


Differ- 


Hon- 


Diiler- 


Hori- 


Differ- 


Hori- 


Differ- 




lont&l 
diiUnce 


eoceof 
eleva- 
tion 


diitanoe 


eoceof 


diaUDee 


el«w 


lonUI 
diatsDcr 


eUvs- 
tion 


Q 


05.68 


20.34 


94.94 


21,92 


94,15 


23.47 


93.30 


26 00 










21,07 




23,52 




25!05 


i 


B5!a3 




94.89 








93-24 


2fi.I0 






20.50 


94,86 


22,08 


94,07 


23.93 










20.65 


94,84 


22,13 


94.04 


23.68 




25^20 


10 


96.56 


20.60 


94,81 


22,18 


94.01 


23.73 


93,16 


25.25 


12 


65.53 


20. 6« 


94,79 


22,23 


03.98 


28.78 


93 13 


25,30 


U 








22,28 


93.95 






36.35 


IS 


95:48 












93,07 


25,40 




9S.48 


20.81 


94,71 


22,39 


93.90 


23.93 




25.45 


20 




20.87 


94,68 


22,44 


03.87 




93! 01 


25,50 


22 


95,41 


20 92 


94.ee 


22 49 


03 84 


24 04 


92,08 


25 55 




05.39 


30.97 


94,63 


22,54 


93.81 


24.09 




2a!60 


26 








22,60 


93.79 






26,65 


2a 


95.34 












92,80 




30 


05,32 


21.13 


94.55 


22,70 


93.73 


24.24 




25:75 


32 


05 20 


21.18 


94.52 


22,75 


93,70 


24.20 


92 83 


25,80 




95,27 






22,80 






92.80 




36 


95 24 


21,26 


94,47 


22,85 


93.65 


24.30 




25!oo 


38 




21.34 


94,44 


22,91 


03.82 






25,95 


40 


06.10 


21.39 


94,42 


22,96 


93.59 


23,40 


B2.71 


26,00 


42 


05.17 


21.46 


94,39 


23,01 


03.56 


24.65 


B2 68 


26,05 


44 






94.36 


23.06 






92:66 


26,10 




95,12 








03.60 


24;65 


92.82 






95.09 


21,60 


94,31 


23 16 


03.47 


24.70 




26^20 


SO 


95.07 




94,28 


23.22 


93.46 


24.75 


92!66 


26,35 


52 


95.04 


21 71 


04.26 


23 27 


03 42 


24.80 


92.53 


26,30 






21,76 


94.23 


23.32 


03.30 


23.85 




26, 3S 


56 


94.09 




94.20 


23.37 


93,36 






26,40 


58 


94.97 












92 43 


26,46 




04 94 


21.92 


04.16 


23,47 


93,30 


35.00 




26.50 


r.0.75 


0.73 




0.73 


0.17 


0,73 


O.IO 


0.72 


0,20 


c-I.OO 


0.98 


0.22 


0,97 


23 


0,97 


0.25 


0.96 


0,37 


c-1.25 


1.22 


' 


1,21 


0.29 


1.21 


0.31 


1-20 


0,34 
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.■ : '.:.■;.■.-■ ■■TABljE'Xl—CoTUinwd 
HoBizoNTAL thsTANdsa* 'iini" JSiaTATioNB prom Stadia Rbadikgb 





18° 


17° 


18° 


10- 


MinuMa 


Hori- 
lonUl 
dktuiae 


Diffeiv 
enceof 


Hari- 
■onUI 

diatuiM 


Mffer- 


»iit>l 
dietuuw 


enceol 
cUn- 


Hori- 
•onul 


eleva- 
tion 


6 
8 
10 

14 

10 
IS 
30 

32 
24 
28 
38 

to 

83 
34 
M 
38 

40 

42 
44 
48 
48 
W 

B2 

68 
5S 

60 


82.40 

02:34 
B2,31 
02.28 
92.25 

02.22 

82! 16 
02.12 

02.08 
02.03 

Ol!o7 
01.03 

01! 87 

01.84 

01.74 

eilfts 

01.65 

91.58 
01. B6 

91! 48 
01.45 


28.50 

26:gO 
28.84 
28.89 

26. 7B 

28:sa 

26,04 
26.00 

27,04 
27.00 
27.13 
27.18 
27.23 

27:33 
27.38 

27.43 

27,52 

27,87 

27:87 

27,72 

27,77 
27.81 

27:06 


01.46 
01.42 

91:35 
01.32 

01.28 

9i:i8 

•'■" 

01.08 
01.06 

oo:»9 

00.06 

00;89 
80,86 

00.82 

90.76 
90.72 
90 89 
90-66 
90.82 

00.59 
90. B6 

90: 48 
90,46 


27,08 
28.01 
28.08 

28.10 
28.15 
28,20 

28,36 

28:38 
28, 4« 

28:54 

2I 

2S'.S2 
28.87 

28,06 
29.01 
20,06 
29.11 
20.16 

29.20 
20.26 
29.30 
29,34 
29-30 


00 45 

90:35 
00.31 

90.24 
90.21 

90:14 
00,11 

90:04 

89:93 

89,90 
89.86 
89,83 
89,79 

89,72 

80:85 
80,61 
80.66 

89,64 
80.51 

80:44 
89-40 


20,39 
29,44 

29:53 
29.68 
29-, 82 

20.67 

29:81 
29,88 

29,90 
29,95 
30,00 

30:00 

30:23 
30,23 
30,32 

30,37 

30:46 
30,61 
30.65 

30,80 
30,86 
30,80 
30,74 
30,78 


80.40 

89:33 
80.29 
89.28 
80.22 

89.18 

89:11 
89.08 
89.04 

89.00 
88.96 

88:80 
88.86 

88.82 
88.78 
88. 7S 
88.71 
88,87 

88.64 
88.80 
88.66 
88.63 

88.46 
88.41 
88.38 
88,34 
88,30 


30:83 
30,87 
30,92 
30,07 
31.01 

srio 

31,15 
21.10 
31,24 

31,28 
31,33 
31,38 
.31,42 
31,47 

31. Bl 
31.56 
31.60 
31.66 
31.60 

31178 
31.83 

3i:»2 

31,08 
32,01 
32,06 
32,00 
32,14 


C-0.T6 


0.T2 


0,21 


0,73 


0,23 


0,71 


0,24 


0,71 


0,36 


«-l,00 


o.sa 


0.28 


0,06 


0,30 


0,06 


0.32 


0,94 


0,38 


«-1.38 


1.20 


0.36 


1,10 


0,38 


1,10 


0,40 


1,18 


0.42 
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TABLE XI— Conttnued 

UOBIZONTAL DiBTANCKB AND ELEVATIONS PBOU StADU ReADIHOS 





20- 


ai" 


22° 


23° 


""■- 


^^» 


tion 


Hoii- 
•ontkl 


Diflw 
en»of 

tiOD 


Hori- 

■OBtol 


DiBer- 

enceof 
elevB- 


Hmi- 
dktui« 


Diffei- 

eleva- 
tion 


. 4 

e 

8 
10 

12 

le 

18 

so 

22 
24 
3fl 
28 

ao 

S4 

3e 

38 
40 

4i 

4S 
48 

U 


88,30 

88^19 
88.15 

88.08 
SB M 

87! 96 
87.93 

87!85 

87! 74 

87!m 
87.82 
87.58 

87.61 

87!43 
87.39 

87.31 

87!20 
87. le 


32! 18 

32! 32 
32.36 

32.41 

32 64 
32.68 

32.63 
32.97 
32 72 

s2!bo 

32 86 

32. a» 

32.93 
32.98 

33.07 

as! 16 
33.20 

33.28 

33!41 
33.46 


87! 12 
87,08 

87!00 

se.96 

8e!B8 
86,84 
86, SO 
88,77 

86!6B 
86.65 
86,61 
36.67 

86.53 
88,49 
88, 46 
88 41 

88,33 

88,20 
86,26 
36,21 
86,17 

86.13 
86 09 
86 .OG 
88.01 

85.07 


33!60 
33-54 

33!63 
33.67 

33!76 

33!8a 

33!e7 

34!lO 

34!l8 
34,23 
34.27 

34.35 

3444 

34.48 

34.87 

34!6G 
34,99 
34.73 


85!93 
SB. SO 

85!b0 
86,76 

85.72 
86,68 

8556 

86!48 
85.44 

86!35 

85!27 
85,23 

85.11 

86! 02 
84.98 

84.00 

84!77 
84 73 


34!77 
34.82 

34!90 
34.04 

34.98 
35.02 

35!l5 

35!23 

35.27 

35! 39 

36!44 
35.48 

36!68 
35.72 

35.80 

35! 80 
36.03 


84!69 
S4-66 

84 57 
34.52 

84,48 
84.44 

S4!35 
84.31 

84!23 

84! 10 

a4!oi 
83.97 

S3!89 

83!80 
33.78 
83.72 

83 64 
83.50 


35.97 
36.01 

36!09 

30.13 
38.17 

36.21 
36.25 

36.20 
36.33 
36.37 

36.41 

36.46 
36.40 
36.53 
36,57 

36,61 
36,06 
36.69 
38,73 

3e!B4 
36.38 

3896 

37!04 
37.03 


<r-0.7S 


TO 


0.20 


0.70 


0.27 


0.69 


20 


0.69 


0.30 


c-1,00 


0.B4 


0.3G 


0.03 


0,37 


0-02 


038 


0-02 


0.40 


«-I,26 


1.17 


0.44 


1.16 


0.46 


1.15 


0.48 


1.18 


0-60 



104 USEFUL TABLES— MERIDIAN DETERMINATION 



TABLE Xl—CotOinved 

BOBUOMTAL DlBTANCXS AMD EhEVi 



Stadia Readinob 





». 


as- 


26° 


27- 


MinuUa 


Hori- 

lODtnl 

duunce 


Differ- 
onceof 
elevft- 


Uori- 


Dillor- 

eleya- 
tion 


Hori- 
diituice 


Differ- 

eleya- 

tion 


Hori- 
dinsnce 


DiOer- 

Ble™- 
tion 


2 

i 

8 
10 

14 
IS 

SO 

U 
SS 

32 

36 
38 

43 

SO 
M 

W 


83 M 

83!37 
83.33 

83.2a 

S3.U 

83.07 

82.08 
82. S3 
82 88 
82.88 

83.78 
82.72 

82,58 

sz!4e 

82.46 

82! 3« 

82.32 

82!23 
82.18 
82.11 


37.16 
37.20 

37^27 
37.31 

37.30 
37,48 

37^51 
37 M 

37.58 

37 62 
37.66 
37,70 
37.74 

37.77 
37.81 
37.85 

37;b3 

37.96 
38,00 
38.04 
38,08 
38.11 

38 [23 
38.26 


92:00 

Bliofl 

81,87 
81.83 

81 !m 

8l!60 

81! 61 
81.47 

81 42 

81.38 

81! IS 
Bl.lO 

80.97 

80^87 
80-83 

70.78 


38^34 

38.53 
38.66 

38! 67 

38! 75 

3S!86 

38!93 
38.97 

3fl!l5 

39.28 

39! 33 
39.36 
39 40 


80!74 

80!60 

80.51 
80.46 

S0!32 

80!23 

80!09 

8o!oo 

79.96 

79.81 

79!73 
79.67 

79.58 
79,53 
79.48 
70,44 
79.39 


39.40 
39.44 

39!61 
39.64 

39,61 

39 66 

3972 
39.76 

39!83 
39.80 
39.90 
39,93 

4o!oo 

40.04 

40!21 
40.24 

40.31 

40! 42 

40 46 


79. t9 
79.34 

79! 25 
79,30 

79.11 

79.06 
79,01 

78! 92 

78!82 
78.77 

78!68 
78!54 

78.80 

78!30 
78.26 
78,20 

78,16 

78! 01 
77.96 


40!49 

40!59 

40.62 

40,66 
40.69 

40! 79 

40 82 

40-86 
40.89 

40!96 

40.90 
41.02 
41. OS 
41,09 

41.16 
41. W 

41,22 
41.26 

41.32 

41:39 
41.42 


e-0.75 


0.68 


0.31 


0,08 


0.32 


0.87 


0,33 


0,68 


0.35 


t-1.00 


0.91 


0.41 


O.W 


0.43 


0.89 


0-46 


0.80 


0.46 


c-I.ZG 


l.U 


0.S2 


1.13 


0.64 


1,12 


0,56 


1.11 


0.G8 



CORRECTIONS FOR STADIA READINGS 



TABLE Xl—ConHnwd 
Horizontal Distances and EuivATiONa FEtou Stadia Readings 





..' 


20° 


30° 


Miaut« 


Hori- 

lonUI 


Diffennoe 

of 
elevation 


■ODtal 
dietiuicd 


DiKcrenoe 
of 

elevation 


Hori- 


Difle«n« 
of 


1 

10 

14 
10 

22 
24 
2S 

32 

36 
38 

<2 

48 
60 

M 


TT.flft 

77[86 
77.81 

77!7a 

77^62 
77.07 

77.42 

77!33 
77.28 

77.18 
77.13 

r7!o4 

78. 9B 

76.94 
76,89 

76^74 

76:64 
76.89 


41.46 

4r68 

41,65 

41^74 
41 77 

41,84 
41:90 

"•* 

41.97 
42.00 

42.06 
42.09 

42! 15 

SSI 

62,25 

42! 31 
42,34 
42.37 


76.50 
78. 4S 

76:35 
76.30 

76.20 

76 [oS 
75.00 

76. 9S 
75.90 

Toiso 

75.75 

76.70 
75.65 
75.60 

7i.M 

75:40 

75:25 

75:15 
76.10 


42:43 

42:49 
42,53 
42.66 

42-59 
42.62 

42:68 
42.71 

42,71 
42.77 

42:83 
42.36 

42.89 
42.92 
42.95 
42.98 
43.01 

43:07 

43:1a 

43:21 
43.24 


75.00 
74.95 

74:86 
74.80 

74.70 
74.66 
74.60 
74.56 

74.44 
74.39 
74.34 
74.29 

74.19 

74:04 
73.90 

73.93 
73.88 

7a: 78 

73.73 
73:63 

73:47 


43.30 
43,33 

43:39 

43:45 

43:53 

43.62 

43:70 

43.76 

43:S4 
43.87 

43.90 
43.93 
43.95 
43 08 
44.01 

44:07 

44:15 


c=0,75 


0.66 


0.36 


0.66 


0.37 


0.65 


0.38 


c-1.00- 


0.88 


0.48 


0.87 


0.49 


0-R6 


0.51 


..i.2r, 


1, 10 


0.60 


1.09 


0.62 


1.08 


0,64 



106 USEFUL TABLES— MEHIDUN DETERMINATION 



TABLE 3 
Natural Sines a» 

SINE ft-*«° 



B 


V 


IV 


«K 


tv 


w 


•o- 


w 




D 


0° 


0000 


0029 


0058 


0087 


0116 


0145 


0176 


89= 


29 




0175 


0204 


0233 


0262 


0201 


0320 


0340 






































0860 


0608 


86 


29 


* 


0808 


0727 


0756 


0786 


0814 


0643 


0872 


H 


29 


, 


0872 


0001 


0929 


0958 


0987 


1016 


1046 


84 


20 




1045 










1190 


1219 


83 






12ifl 


1248 


1278 


1306 


1334 


1363 


1302 


82 


20 










1478 










30 


« 


1564 


1S93 


1822 


1650 


1679 


1708 


1736 


N 


29 


10 


1730 


1765 


1794 


1822 


1851 


1880 


1908 


70 


29 




1908 














78 


28 


12 


2079 


2103 






2193 


2221 


2250 


77 


28 


18 


2260 


2278 


2306 


2334 


2363 


2801 


2419 




28 








247B 










Tf 


28 


1* 


2K88 


2616 


2641 


2672 


270O 


2728 


27S6 


74 


28 


10 




2784 


2812 


2840 


2888 


2896 


2024 




28 




2924 


2962 














28 




309O 


3118 








3228 


3266 


71 


28 


19 


3250 


3283 


3311 


3338 


336G 


3303 


3420 


TO 


27 


*a 


3420 


3443 


3476 


3502 


3529 


3567 


3584 


69 


27 


21 


3584 


3S11 


3638 


3665 


3692 


3719 


3746 






22 




3773 


3800 


3827 










27 


















66 




2* 


4067 


4094 


4120 


4147 


4173 


4200 


4226 


U 


26 


w 


4226 


42E3 


4279 


4306 


4331 


4368 


4384 


64 


28 




4384 














63 




27 


4StO 


4666 


4592 


4617 


4643 


4669 


469G 


62 


28 


28 








4772 


4797 


4823 


4S4S 




25 


20 


4848 


4874 


4899 


4924 


4960 


4975 


6O0O 


•0 




M 


5000 


5026 


5050 


607B 


5100 


5126 


S160 


60 


25 










5225 






5290 


68 


26 




6299 




5348 








6448 


57 


24 


33 


M4S 


5471 


5495 


6619 


5544 


6608 


6692 


66 


24 


34 


6592 


5616 






5688 






H 


24 


M 


5736 


5760 


5783 


6607 


6831 


5854 


587B 


64 


23 


34 


5878 


6901 


6926 


6948 


6972 


6905 


8018 






37 






6065 








6157 




23 


38 


















23 


39 


6293 


631B 


6338 


6361 


6383 


6406 


6428' 


■0 




40 


6428 


0450 


6172 


6494 


9617 


8539 


6581 


40 


22 








6604 




8048 


6670 


6691 


48 






6691 


6713 


6734 


6756 


6777 


6700 


8320 








6820 


6841 


6862 


68S4 








48 


21 


44 


6047 


8967 






7030 


7050 


7071 


«• 


21 




tv 


W 


40' 


W 


av 


IV 


V 


C 


"E" 



NATXmAL SINES AND COSINES 



TABLE Xa—CorOiniied 







SINE a-w 




COSINE o-a- 






s 


C 


Uf 


» 


IV 


Kf 


w 


tv 




D 


4f° 


7071 


7092 


7112 


7133 


7163 


7173 


7193 


41° 


20 


48 


Tifla 


7214 


7234 










43 


20 


17 










7392 


7112 


7131 














7490 


7609 


7628 


7647 




19 


49 


7547 


7566 


7586 


7604 


7623 






W 


19 


M 


7660 


7679 


7698 


7716 


7736 


7753 


7771 


39 


IS 




7771 


7790 


7808 


7826 


7S11 


7862 






IS 




7880 


7888 


7916 






7969 




37 




fi3 


TBSS 








8066 


8073 


8090 






64 


8090 


8107 


8121 


8141 


8158 


8176 


8192 


St 


17 


U 


8192 


B308 


8226 


8241 


825R 


8271 


8290 


34 


16 


56 


8290 


8307 


8323 


8339 


8356 


8371 


8387 








8387 




MIS 










32 


16 


68 




8496 






8612 




8572 


31 




6B 


8672 


S587 


8601 


8B1B 


8631 


8646 


8660 


SO 


15 


M 


soao 


8675 


8689 


8704 


8718 


8732 


8716 


20 


11 


61 








8788 


8802 


88J6 


8829 








8829 


8843 


8857 


8870 


8381 


8897 


8910 




13 




8910 


8923 


8936 


8949 








26 


13 


64 


SDSS 


9001 






9038 


9061 


9063 


» 


12 


u 


9063 


9075 


9088 


9100 


9112 


9121 


9136 


21 


12 
















9206 


23 


12 


67 








9239 


9250 


9261 


9272 










9283 


0293 


9301 


9316 


9326 


9336 




11 


69 


9336 


9346 


9366 


9367 








Id 




TO 


9397 


9107 


9117 


9126 


9436 


9418 


9165 


19 


10 




9455 


9466 


9474 


9183 


9292 






18 


9 




9611 




952S 








9663 


17 




73 










9596 


96^ 


9613 






74 


9613 


9831 


9628 


9636 


9814 


9862 




« 


8 


T» 


9S69 


9667 


9674 


9681 


9689 


9806 


9703 


14 


7 


76 


9703 


9710 


9717 


9724 


9730 


9737 


9741 








9714 


97 SO 


9767 


9763 








12 


6 


78 


97S1 










9811 


9818 






79. 


9818 


9822 


9827 


9833 


9838 


9843 


9818 


10 


6 


■0 


9848 


9853 


0858 


9863 


9888 


9872 


9877 


9 


5 


81 








9890 


9894 


9899 


9908 










9907 


9911 




9918 


9922 










99Z5 


9929 


9932 












3 


84 








9951 


9957 


9059 


9982 


a 




U 


9962 


99B1 


9967 


9969 


9971 


9971 


9976 


4 


2 


86 








9981 


9983 


908.^ 


9986 




2 


87 








9990 


9992 


9993 










9994 


9995 


9996 


9997 




9998 








8S 


9998 








10000 




10000 


0° 







ff 


IV 


4iV 


JO- 


av 


IV 


V 


c 


D 



108 USEFUL TABLES— MERIDIAN DETERMINATION 



TABLE XIII 

LOGARITBMH 1 TO ll 



N 


D 1 1 1 4 


. . , . ■ 


D 


10 


0000 


0043 


ooae 


0128 


0170 




0253 


0294 


0334 


0374 


42 






0453 


0492 


0531 


0569 


0607 


0645 




0719 


0756 




12 


























1139 


















1430 




14 




1492 


1523 


1553 


1584 


1814 


1844 


1873 


1703 


1732 


30 


IB 


1781 


1790 


181S 


1847 


1875 


1903 


1931 


1969 


1987 


2014 


28 




2041 


2068 


2095 


2122 




2175 


2201 






2279 












2380 


2405 


2430 




2480 


2504 




25 


18 


























2788 


2810 


2833 


2856 


2878 


2900 


2923 


2946 


2967 


2989 


22 


10 


3010 


3032 


3054 


3075 


3096 


3118 


3139 


3180 


3181 


3201 


21 




3222 


3243 


3283 


3284 


3304 


3324 








3404 






3434 




3464 


3483 


3502 


3522 


3541 


3560 


3579 


3508 


10 




















3766 






24 


3802 


3820 


3838 


3856 


3874 


3892 


3909 


3927 


3946 


3962 


IS 


U 


3979 


3997 


4014 


4031 


4048 


4065 


4082 


4099 


4116 


4133 


17 


28 
























27 


4314 


4330 


4348 


4382 


4378 


4393 




4425 






18 




4i72 












4564 


4579 


4594 


4609 




29 




4639 


4654 


4689 


4883 


4098 










15 


SO 


4771 


4788 


1800 


48U 


4829 


4843 


4867 


4S71 


4888 


4900 


14 












4969 














32 


6061 


5065 




5092 




5119 














518a 


6198 


5211 


5224 


6237 


5250 


5263 


5276 


5289 


5302 


13 


34 














5391 


5403 


5416 


5428 




U * 


M41 


5453 


5465 


5478 


5490 


5502 


5514 


5527 


5539 


5551 


12 


30 










5611 




5635 


5647 


6658 


6670 


12 






















5786 




38 


5798 


5809 




















39 


fi91l 


6022 


5933 


5944 


6956 


6966 


5977 


5988 


5999 


6010 


11 




8021 


6031 


6042 


6053 


6064 


6075 


6085 


6096 


6107 


6117 


„ 




0128 








6170 


B180 


8191 


6201 


6212 


6222 


10 
















6294 






6325 




























44 


6436 


6444 


6454 


6464 


8474 


6484 


6493 


6503 


6513 


652? 


10 


a 


6532 


6542 


6561 


6561 


6571 


6580 


6S90 


6599 


6809 


6618 


10 


46 


8628 


6637 


6046 


68i6 


8686 


















6730 


6739 


6749 


6768 


6767 


8776 


6785 


6794 


6803 


















6866 


6875 


6884 






49 


6002 


6911 


6920 


6928 


6937 


6946 


0955 


6964 


6972 


6981 


9 


M 


6M0 


6998 


7007 


7016 


7024 


7033 


7042 


7050 


7059 


7067 







7078 


7084 


7093 




















7160 


7168 


6177 


7186 


7193 


7202 


7210 










53 


7243 


7251 


7259 


7267 


7275 


72S4 


7292 


7300 


7308 


7316 




M 


7324 












7372 


















log»B- 


4343 




T" 


in.) 













TABLE XIU— Continued 








N 


19 14 




"d- 


H 


7404 


7412 


7419 


7427 


7435 


7443 


7451 


7459 


7466 


7474 


~^ 




















7543 


7551 




67 


7659 


7566 


7574 


7582 


7539 


7597 


7604 


7612 


7619 






68 


7634 


7642 


76(9 


7667 


7664 


7672 


7870 
















7723 


7731 


7738 






7760 


7767 


7774 




W 


7782 


7780 


7796 


7803 


7810 


7818 


7825 


8732 


7839 


7846 




61 


7853 




7868 


7875 


7882 


7889 


7898 


7903 




















7950 


7966 


7973 


7980 


7987 






7993 


8000 


8007 


8014 


8021 


8028 


8035 


8041 


8048 


8055 




64 


8062 


8069 


8075 


8082 


8089 


8096 


8102 


8100 








U 


8129 


8136 


8142 


8149 


8166 


8162 


8169 


8178 


8182 


8189 




86 


8195 


8202 


8209 


8215 


8222 


8228 


8235 


8241 








68 


li^5 


^I 


8MB 


8344 


8361 


8357 


8363 


8306 

8370 


8376 


8310 
8382 




W 


8388 


8395 


8401 


8407 


8414 


8420 


8426 


8432 








TO 


8451 


8467 


8463 


8470 


8476 


8482 


8488 


8494 


8500 


8506 






8513 


8510 


8525 


8631 


8537 


8543 


8540 


8565 








72 


8S73 


8679 




3591 






8609 










73 
















8676 


8681 


8686 




7* 


8602 


8608 


8704 


8710 


8716 


8722 


8727 


8733 


8739 


8745 




1% 


8751 


B7.W 


87B2 


8768 


8774 


8779 


8785 


8791 


8707 


8802 












8825 




8837 


8842 


8848 


8854 


8869 






8866 


8871 


8876 


8882 


8887 






8904 








78 


8B21 


8927 


8932 


8938 






8054 






8971 




79 


8076 


8982 


8987 


8993 


8998 


9004 


9000 


9015 


0020 






M 


9031 


9036 


9042 


0047 


0053 


9058 


9063 


9060 


0074 


0079 






















9128 


9133 














9169 


9165 


9170 


9176 


9180 


9186 




83 


0191 


9196 


9201 


0206 


0212 


9217 


0222 










84 


9343 


9248 


9253 










0270 


0234 


02B9 




u 


9294 


9299 


9304 


0309 


9315 


9320 


0326 


9330 


9335 


9340 




86 


9346 


9350 












9380 


















0415 


9420 


9425 


9430 


9435 


9440 




88 






9465 


9480 


9465 




9474 










Efi 


9494 


9490 


9504 


9509 




9518 




9528 


9533 


9638 




M 


9S42 


0647 


95S2 


9567 


9562 


9566 


9571 


9678 


0581 


9586 




81 


9690 


9595 


9600 


0605 


0609 














S3 




9643 


9647 










0671 


9675 


9680 










9694 


0699 




9708 


9713 


9717 


9722 


0727 




04 


B731 


9736 


9741 


9745 


9750 


9754 


9750 










■■ 


9777 


9782 


9786 


9791 


9795 


9800 


9805 


9809 


9814 


OSIS 












9836 


8941 


0845 












B7 


9868 


9872 
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TABLE XIV 

Loa 8IN AND COS 0° Tl 
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.71SS S 7423 
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8.82S1 
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8.8646 B 
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8.92Se 
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4403 4447 
4659 4700 
4900 4939 



6990 T012 



3037 3986 



4533 
4781 
5015 



5400 5443 

5«09 G641 

5798 5828 

5978 6007 

6140 8177 

6313 6340 

6470 6495 

6620 6644 

6783 8787 
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7282 
7400 
7513 



5477 5510 



6880 5919 



SS33 6866 



7893 7910 



SOBl 8098 
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7781 
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7957 
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7073 
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82S5 
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8227 8241 



8365 8378 8391 



" wfcCTi not printed. 



LOG SIN AND COS 0° TO 90° 
TABLE xrV—ConHnued 
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43 
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8711 
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3832 


8843 
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3048 
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3966 
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9004 




9023 


37 




53 


9023 


9033 


8042 
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8070 




36 
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9107 


9116 


9125 


9134 


•• 
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8134 


8142 


B161 


9100 


9169 


0177 
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34 
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8194 


8203 
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9236 


33 




S7 


8236 


8244 


02B2 


9260 




8276 


9284 


32 
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9316 


8323 


9331 






M 


8331 


8338 


0346 


9853 




9368 


9378 


to 




M 


9376 


8383 


8300 


0307 


9404 


9411 


0418 


20 






9418 








0446 










82 


9459 


9466 


8478 




9486 


9492 


9499 






63 


9489 


8606 


0612 


9S18 






0837 


26 








9543 




8868 


9661 


0867 


9573 


U 




U 
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05S4 


9680 
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9602 
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24 
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9628 
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9640 


8646 






0661 


9667 








OS 


9672 


9677 


9682 


0687 




9697 


9702 
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9708 


9711 


9716 


8721 


B725 


073O 


M 




n 


8780 


9784 


9739 


9743 


9748 


9752 


0767 


19 




71 


fl7S7 


9781 


9765 






9778 


9782 


18 




72 




9786 


9700 


9794 


0708 




8806 


17 








8810 




9817 


9321 


9826 




16 




74 


8828 


8832 


8836 




9843 


9846 


0840 


»• 




TS 


B849 


8363 


9S56 


9S60 


9963 


9866 


9860 


14 




76 


8889 


8872 


8878 






9834 


8887 






77 


9887 


9800 


9893 


9896 




9001 


9004 










9907 




9912 


9814 










79 


9919 


9922 


9024 




9029 


0031 


9934 


10 
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9834 


9930 
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0940 


0042 
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9946 


8 
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0986 
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0064 
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9968 
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M 
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86 


9989 
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9093 
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9094 


3 
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OO07 




2 




88 


9997 


9998 


9998 






9999 


•9990 






8B 


9999 


0.0000 




0.0000 


0.0000 


0,0000 


0.0000 


0° 
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tv 


•C 


40' 


av 


40' 


IV 


V 


LC 
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TABLE XV 

Affroxiuate Well Depthb mou Drillino Cable 

The following table is deaigned to eoable the geolc^ist to compute 
the depth of a well from the amount of cable that is wound up on 

the bull wheel when the toola are withdrawn. 

If, for example, there are 3 complete coils, or layers, of 27 wraps 
each, and 4 wraps on the fourth coil counted on the bull wheel in 
bringing the bit from the bottom of the hole lo the derrick floor, 
then the depth of the hole is 375,4 feet deep if the drilling cable is 
i-inch wire line. This depth is found b« follows : 

In the fiiat coil on the bull wheel each wrap is 3.99 feet, the first 
wrap in the second coil is 4.38 feet, 4.77 feet in the third coil, and 
6.16 in the fourth. Therefore, 

27x3.99-107.73 
27X4.38 = 118.26 
27X4.77 = 128.79 
4X5.15= 20.64 

375. 42 feet 

If there are already some wraps or coils on the bull wheel these 
should be omitted in the computations. Thus if there are 5 wraps 
in the first coil on the wheel when the tools leave the bottom of the 
hole, then 19.95 feet must be taken from the total amount of cable 
in the first coil, ir;7,73 feet. 
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GEOLOGIC CHRONOLOGY FOR NORTH AMERICA 



Era 


SvBtem 


SericB 






Reoent aad preeent 






Pleiatocene 




Trrtiary 


Pliocene 


Cenoioic 


Miasene 




Oligocene 




Eocene 






CretaeeouB 


Mesniaio 




Juraaic 




TriiMio 




CarboDifwouB 


Permiao 




PennBylvanian 




MieekHippiBn 






Devonian 




Silurian 




Ordovician 




Cambrian 




AltonkisD 


Great untonformily 


P...O...C 




Aaimtukian 




Hurnuian 


A.che«oic 
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GEOLOGIC SECTIONS 



GENERAL GEOLOGIC SECTION FOR SOUTHERN 

OKLAHOMA 

Apter Oklahoma Geological Subvet 



Syrtem 


Formation 


ThickbeM, 


. Litholoa 






250 






BenniDgtoD 


26 


Hard rtHiglnnt Forma tion formina low 
bluffB or benotaei 




Boohito form 


lSO-150 


Clays, Bandii. and eiUoeoiu ltm«toD». 


ComanchB 


Caddo form 


56-70 


Intomtratified olayn, mark, and lima 




Kumichi form 




Thin limutunra and friable cLaya 




Goodland 
liDiHtoiie 


30 + 


Thin very hard Hmeatone. forms lable- 
Und with ateep eioarpment at Burfsce 




Trinity Bimd 


400 + 


Loo«.ly somoUdated, friable aandstone. 




Permian 


1500-2B50 


BT-umanddolomite.^^ 




Wapunacka 
UmestoM 


300 + 


Maaiiye Umnatmie, ohert, aandntone, 


^™^'" 


Franlu oon- 


0-300 






OlenD lorm 


1000-3000 




Mississip- 


Caner abale 


1800 + 


Bhw or bUok shal^ witi foMiliferoua 


P- 


limeatoDe 


0-200 


Licht bluiah to ydlow or buff, with 


D.™.Un 


Woodford chert 


aso+ 


Cherty layera, ahale and imall ooncre- 


8iluri.n 


Hunton form 


300 + 




Sylvan ihale 


00-300 


Blaek to creaoisb >hale 


Ordoviolan 


Viola lime- 


500-700 


Crystalline to dense, buff to bluigh in 
color, containa chort nodules 


Sim^^.or. 


1200-2000 


MBHive, pure eandetones, shalea and 
siliceous limeatones 


Ctmbro- 
Ordovieisn 


Arbuckle 
limntone 


3000-flOOO 


White to light blue, many layers of thin 
dark-tolored ahale near the baae. 
Regan contact— fine white quarts 


Csmbriin 


Roian 


60-600 


Arkosic and granitic at baae, coarse 
and shalea 


Pre- 

Cmmbrian 






Coarse and line-grained pinkish gray 
biotite 
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GENERAL GEOLOGIC SECTION FOR NORTHERN 

OKLAHOMA 

Attes Oklahoma Geological Subvet 
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1600-3060 


talt 






700 






El^ 


60-140 






Omd 


0-17 


Bruki out into lufc ■li.ta 




tora^tioB 


4awoo 


Shala, undatooH and limatODS 




Wil»D 


380-400 






°S^r^ 


33 






Unnuud 


7S 






"sriKS 


10 


Uauatly a single b«d inth very abun- 
dsnt fo«il» 


'rt, 


CoSeyville 


370 + 


Moatlr shale, sandatone Dear top 




^uSSSne 


8-20 


to«k. Nocliert 




NowiUiludH 


60-130 


Bluiah to cnsniah day shaUa 




Hsuatons 


26-3S 


Hichly lilioeoiia. hard, duunvo lime. 




Buid<r.>lu>la 


0-120 


Bluish black Bh>l« 




■ss™ 


«8 + 


",z.-«rw^a."sirs 






120-200 


stone found near top 




Ft. Boott 
formitwD 


30-80 






Chaokee 

fotm»tkon 


460-1500 






MOITOO 

formation 


80-160 




"BT- 


"Co™ 


60 + 


maanve Uyers 


FayctMyiU* 


20-170 






ItamOoa 


160-326 


Intentratifiod ehnt and eh»rty lims- 
■tou 
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Apter State Geological Sdrvxt of Kansas, Bull. No. 3 



Syiten. 


T«n,.tio. 


ThickDM., 


LithoLo,y 






.0«^1«« 


lypauin m upp« pDrtion 




Wellington 


76-150 


importiint eslt beda 




Marian , 


150± 






Winfield 


20-30 


eretioDMy ona by ysUowuh eMIe 




DoyltthtU, 


60 :t 


Varicolored alula, containing thin aUba 
of bnwatone; torou cantla topogrsphy 




Ft. RUer 


40-17 


BhsI port Bbaley, sbovs which ara 
thick cellular UmutonM. Upper part 
thin bada and at (imca oolotrc 


PBrnuui ' 


FlorcDM aint 


19-23 




Matfiild alula 


60-70 






Wrefoid 


a^a 


hesvy non-cherly limeatona. 
Weathen leddiah broffu 




*'f's;s:«on 


140-160 


grayiah limeatone. and aome gypaum 






6-10 


atone, ConUum aome foailina 




Eakridce 

•lude 


30-40 


lo-iah-eKy abalea 




Nava 


10± 


Breska in large bloeka with shup 
aoglea and rough aurfacM 




ElmdJe 


130-140 


abundant fuailiDa about 30 leet above 
baae 




■"fiSirna 


6-8 


Good building atone 


"■'inl; 


Admin 
formBtion 


260-300 






Empom 


8-10 






WilludahkU 


60-190 


Mainly day ihalaa 
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a pu-t of the Btate 



CBlhauo shale 



Lawrence ihale 



CompiMt, fin»-|p*inHl. buff limeatooe: 
sreeniah blue when freably broken; 
ehect nodulea 



eandBtonc, Tipple marked. Some coal 



Highly oryalBlline; readily breaka into 
Irregularly depuaitad; httle landitDne 



Fine cl&y ghala, dltan changini n>|Mdlf 
to Bapdatone and baek to abale. In 
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GENERAL GEOLOGIC SECTION FOB THE OIL FIELDS OF 

KANSAS— Confcnued 



Bytem 


FotmsUon 


ThickneM 

Ft. 


LitholoBj' 




Charryvftle 
■hale 


4(^126 


H^.gr«le city shale* to srsDueotu 




Wintenet 
{Dennis) 


5-2S 


White liDKBtone with cherty muses 
neu the top 




Gftluburgihmle 


5-00 






BethkDy Fall! 


3-lfi 


^IK.,C;«^" *"*"""-"""■ 




Lulore ihsle 


7-40 


Clay shiaes 




"C«to.. 


IMS 


Massive, very puie wbjte Umestone 


Penmjrl- 


'■U.X-""" 


12S-1S0 


sCoDe lenses. Oil st Psols and Itan- 
toul 




Coffeyville 


2-50 


Qrsy limestone with some skale part- 




W>anut BhBle 


20-140 


Gray eUy ehale 




AlUmont 
limHtoDG 


3-10 


Massive gray limeatons 




BundEra aluile 


60-100 


ahale. some oo»l. and good paving stone 




'is^r^.. 


10-60 


Heavy whits Umestone, weatherinj out 




'tK- 


20-60 


Blue flay ahals, contaiDing ooal. and 




li?„ 


20-50 


Light gray color, weatheriag buff; con- 
tains latge (Tinoid remains 




shale 


400-600 


roal, and some lime 






320 


Limestone, ealcareous shale and oh^ 
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GENERAL SECTION OF ROCKS, OUTCROPPING IN GREEN 
RIVER FIELD, UTAH 
U. S. G. S. Bull. No. 541 
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Salt Wash 
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Grax conglomeratic stindstona 
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Very cross bedded coane gray 



'.After Richardson, 
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PARTIAL GEOLOGIC SECTION EXPOSED IN THE COSTAL 
PLAIN OF TEXAS WEST OF THE BRAZOS RIVER ■ 



The Brenham Salt Dome, WASHrNoroN and Austin CotiNTiEa, 
Texas, by Oliver B. Hopkins. U. S. G. S. Bull. No. 681G 


System 


S«ri« 
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Thickness 
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Pliocene 
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aay with lime concretione and cal- 
light-colored or ereen when t™h, 
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Sand and clay, interbedded; clay, 
red. green, and pmli 




Miocene 
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200-300 
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OliEocene 




200 


and gray cross-bedded sandstone 




Eocene 


Frio 
day 


soo 


Clay, green and pink, with small 

S 5l"i,Ti.„r'-£,S'= 


Tertiary 


Fayette 


800 


Sandetone and aand, gray; brown 
tnd w'iuie kaolin^iikeclay 
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s 
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''t5;ic;''"i„ryeito^,''ri"'d^i- 

colorsd; lignite 




Cook 
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70^ 


Green sand, green sand mari, iron 
ore. lignite, liinitio clay, clay, 




Mt. 
Selmao 


600- TOO 


Sand, dark green and brown: thin 
eeameofiranore; len>ea oi UcniM 
and clay; beds generally iron 
bearing 




Carriio 


2.^.5. 


bedd«iTcal<^'^us in part; coaree 
quartiitic sand and fine-grained 




form" 


sso-eso 


Xl-zrcS'-— ■■'■""'" 




Midway 
tormation 


2eo 


"Sfc-"' "-"'"• "' """• 



' From maDUBcript report by Aleiander Deuaen on Geology of Coei 
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r™.i.„ 


Thickiwu 
([«t) 
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7;,=,. 


SOO-SOO 


Marl, bluiah-blsck. and glauconitio 
clay; blue day with sideriU SDd 
linionits concretions; yellow knd 
brgwn ssnd with hard sandy con- 


Cretweoas 


^ir 


600-700 


Clay marl, blue, OBlcareoui. West 
of Beiar County the Taylor 
marl b replaced by the Anacscba 
limestone 




M'S 


304-500 


Chalk, intentratified with thin 
beds of soft mwl 




',*.""■' 


21-200 


Shale and tbin orenitceoua beds of 
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SECTION OF FORMATIONS IN VICKSBURG- JACKSON 
AREA, MISS. 

Structorb of the Vicksbubo- Jackson Abba, Miss., with Si*bcial 

Refbrbnce to Oil and Gas, by 0. B. Hopkins. 

U. 8. G. S. Bmi. No. 641D 



Byetem 


B^ 


Group 
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Sand, (day, and eilt alonK p««eiit 


Quaternuy 
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LooxiiDd 
lo«m 


0-100 


Clay, fine, Br»y„to butf, csl- 
careouB, and yellow to brown 
loam 




ffiil 


,.50 


Sand, aravel. and day 
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H.. 


0-50 


TerrnGe asnd and gravel 
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Thiekn«a 

(feet) 


Character of (he roeka 




Frontier iormation 
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Marine deponta 




Mowry ahale 


266 


marined.iH.it 


Cretaoeoua 


x..™..„. 


589 


Qray U> black ahale with one per- 




-~ 


S48 


Upper bed is known aa the Gray- 
buUaand. In part at leMt a Ireab- 






.» 


■as- si ■t-.-ss^'ss;; 

bedded. A freah-water depoait 


Jnraaiic 


Bundance formation 
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limeetone containing many oyster. 


TrlaMio 


Chacwater forma. 

Uon 


1200 


thSTor'mation, a*Sd Uttait'oM^ 
of limeatone near the middle. 
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System 


Formation or 


Thickness 

(leet) 


Character of the roeks 




Embu group 
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About 60 feet of the upper part con- 
sists of csloaieouB shale, ssodstone. 

Triasatc Diawoody formstioQ.' 
Below this sbout 60 feet of lime- 

the Park City formation,' The 
Embar is for the most part a 
marine deposit 




Tensieepsa^dBtone 
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ably marine 




Amsden formation 


300 


R»d sandy shale and ssndstone 
with layers of limestone and chert. 




Madison Umestone 


600-1000 


Gray maaaive limeetoDe. Marine 


Otdovicisn 


Bi«horn dolomite 


160-300 


Silioeous iray limestone. Marine 




Deadwood forma- 
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tiSSi-ISiS?'-'"-"' 


^«nhri«. 


Meumorphie ™m 




A oomplei of schlsta, antdaa, etc. 
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Alabama, Hatcbetigbee anticline, 

134 
Alidade. See also Teleecopic 

Alidade, 45 
Aneroid barometer, 30, 38, 71 

-, adjustmenta of the, 73 

, rules for the use of the, 72 

An^es, horizontal, 40, 68 
— , vertical, 62, 69 
Anticline, 19 

Arc, converaion of, into time, 84 
— , time into, 83 

B 
Barometer. See Aneroid Barom- 
eter. 
" Brunlon Patent Pocket Tran- 

ait," 30, 38, 40, 68 . 
, adjustment of, 71 

C 
Chronok^y, geologic for North 

America, 116 
Contours, topographic, 12 
— , structure, 36, 87 
Convei^ence sheet, 22, 50 
Cosines, natural Bines and, 106 
— , log sines and, 110 
Crow bedding, 32 



Curvature, oorrectioD for, and re- 
fraction, 88 



Datum, 28 

Declination, line of, 63 

— of Polaris, 81 

— , sun's hourly change in, 82 

Dbtance, determination of, 29, 45, 

46,97 
Domes, 5, 19 



Elevations, horizontal distance* 
and, 98 

— on the outcrop, 47 
— , reading, 46, 60, 62 
— , stepping, 61 

— with the alidade, 46, 47, 60, 61, 



62 

aneroid, 71 

-——hand level, 73 



Faults, 3, 17 

— , effect on production, 3 
Feet, equivalents: meters, 8 
— , number of links in, 94 

— , rods in, 93 

Folds, anticlinal, 5 
3 i.,00''k- 



FormatioDB, age of, 2 
— , kind of, 2 

G 
Gas. See Natural Gas. 
Geobgic, chronology of North 

America, 116 
— aeetiona. See Sections, Geo- 

K 

KaaaoB, geologic seotiwi for o3 
fielda of, 119 



Mean refroctioD, 86 
Meridian, detenninatioa of, by 
Polaris, 79 

— , sun, 77 

Meters, equivalents: feet, 89 
Mississippi, Vicksburg-Jackson 

area, 125 
Montana, Birch Creek-Sun River 

area, 133 
— , Huntley field, 130 

N 
Natural gas, exhalations of, 6 
Nose, 20 



Latitude, detennination of, 82 
Links, number of, in feet sad 

inches, 94 
Logarithms, lOS 
Longitude, determination of, by 

Polaris, 79 
— sun, 77 



Ohio, Qeveland oil and gas field, 

138 
Oklahoma, geologic section for 
northern, 118 

— , southern, 1 17 

Outcrop, correlation of the, 33 
— , tracing the, 31 



Mapping, detail, 28 

— reconnaissance, 38 
Maps, contoming the, 84, 39 
— , conve^ence, 51 

— , county, 23 

— , dip strike symbol, 18, 38 

— , geologic, 14 

— , interpretation of, 18, 16 

— , method of making, 28 

— of oil sand, 56 
— , ownership, 22 
— , preparing the, 56 
— , structure, 17, 51 
— , subsnrfftce, 60 
— , surface detail, 28 
— , topographic, 9 
— , township, 24 



Plane Table, 29 

— , orientation of the, 63 
Poinds, declination of, 81 
-, determination of nieridian by, 
79 
— , diurnal motion of, 80 

H 

Reconnaissance mapping, 38 
Refraction, correction for curva- 
ture and, 88 
iSee also Mean Refraction. 
RejKirtB, outline for, 56 
-, preparing (iie, 55 
-, writing the, 66 
Rods, number of, in feet had 
inches, 93 
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Scale, coDBtniction of a pace, 41 
Scale of maps, 10 
Sections, geologic. Birch Creek- 
Sun River area, Mont., 

132 
— , — , Cleveland gas field, Ohio, 

138 
— , — , Oorsicana oil and gaa field, 

Texas, 140 
— , — , Coastal plain, west of Bra- 

EOB River, Texas, 123 
— , — , Green River field, Utah, 

122 
— , — , Hatchetigbee anticline, 

Ala., 134 
— , — , Huntley field, Mont., 130 
— , — , Kansas oil fields, 119 
— , — , Lander oil field, Wyo., 

137 
— , — , near Thermopolis, Wyo., 

128 
— , — , Oklahoma, northern, 118 
— , — , — , southern, 117 
— , — , Salt Creek oU field, Wyo., 

126 
— , — , Vicksburg-Jackaon area, 

Misa., 125 
Sediments, origin of, 4 
-^, proportion of, 4 
Sines, natural, and coeinee, 106 
— , 1(^, and cosines, 110 
Slumping of bcda, 32 
Stadia, conversion table, 96 
— , hand level, 30, 38, 40, 73 

— , , adjustment of, 75 

— , , carrying elevations with. 



74 



— rod, 59 



Structure maps, 17 

, types of, considered aieto 

favorable, 6 



Telescopic ahdade, 58 

, adjustment of, 65 

, triangulation with, 65 

Terraces, 5 

Testa for gas, 7 

— for oil, 7 

Texas, Corsicana oil and gas field, 

140 
— , coastal plain, west of Braios 

River, 123 
Time, conversion of arc into, 84 

— , , into arc, 83 

Township maps, 24 

Transit. See " Brunton Patent 

Pocket Transit." 
Traverse, checking the, 49 
— , location of points away from 



then 



1, ft* 



Triangles, solution of right, 95 
Triangulation, with the alidade, 

46,65 
— , Brunton, 48 



Unconformities, 3 

— , effect on production, 3 

Utah, Green River field, 122 

W 
Well, approximate depth from 

drilling table, 112 
Wyoming, Lander oil field, 137 
— , near Thermopolis, 128 
— , Salt Creek oil field, 126 
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